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Information about alloys Converted to wartime tasks, American industry requires 


and calls upon us for information about alloys. Quickly 
GEA RED available are practical answers to your questions about 
the selection, fabrication and uses of ferrous and non- 


ferrous materials containing Nickel. ¢ Even before World 


to industry’s war needs 


War I, this Company pioneered studies of special alloys 
that provide added strength, toughness and wear-resist- 
ance. Our years of experience have been digested into 
printed reports and data sheets that help you save time 

and material. « Now, with all Nickel allocated where it 
may best speed Victory, our studies of alternative materials 


and processes become especially useful. « Upon 


request, personal assistance from our technical NICKEL 
staff supplements the data in our printed bulletins. 
THE INTERNATIONAL NICKEL COMPANY, INC. Ses'*onx 
THE ’ « NEW YORK, N. Y. 
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Materials Conservation 
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or redesigning the equipments. Some 
idea of the great effort being made by 
our Ordnance Department to conserve 
materials can be gotten from this 
month’s lead article by Colonel Frye. 
He goes into the details of the develop- 
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to almost one-half the load carried by 
the most highly stressed rivet. ‘ 
NE Sie nicicin ete eG aettieal 6 Maik kde claw % Medes ee 427 ‘ 
Angles Between Pla D | 
6 —_ EES A ee ey Pee ee 451 


The graphical method for measuring : 46 
angles in orthographic projections by I II Ee , . de we ne ee eee ee 2 
means of a “direction diagram”, which 
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chines. Hence this month’s lead Mod- 
ern Designs article devotes four pages 
to a detailed description of the new 
Axelson 32-in. lathe.- Not all of its 
features are what you'd ordinarily ex- 
pect to find in a lathe, either. For 
instance, it has a two-speed tailstock 
with an ingenious gear-clutch spindle 
traversing drive operated from a hand- 
wheel mounted at the front of the lathe. 
See pages 432 to 435 for more details. 


For Better Cord Sets 


In the operation of electrical appli- 
ances, the element that most frequently 
goes out of order is the cord set. This 
fact was definitely established by a 
house-to-house survey. The survey 
prodded manufacturers into action. 
Now, vastly better cord sets are de- 
creasing failures. On pages 454 to 
457 is explained in detail the design 
development procedure used at West- 
inghouse. 


Impact Vibrations—I 


can seriously impair the efficient opera- 
tion of surrounding precision machines. 
Consulting engineer Leon M. Dekanski 
on pages 458-461 analyzes the physical 
laws and properties of damping mate- 
rials in a manner such that they can 
be applied by engineers in the design 
of energy dampening _ installations. 
More next month. 


Sleeve Bearings—IV 


Concluding this series of highly in- 
formative articles which began in Prop- 
uct ENcineeriING for May, Bruno 
Sachs, Technical Director of Johnson 
Bronze Company answers the question 
so often asked, “What is the most 
favorable ratio of bearing length to 
bearing diameter?” In this Part IV 
(page 462) with the assistance of data 
which were presented in the earlier 
installments. he coordinates all of the 
influencing factors and compares long 
and short bearings. Thus out of the 
abundance of data that have been 
published on sleeve bearings the author 
has contributed to engineers a procedure 
for the design of bearings that is both 





Too often the apparently obvious fact 
that every machine is somehow attached 
to the earth has been lost sight of by 
many men who design machines. A 
foundation, of course, should be a func- 
tional part of the machine itself. Un- 
absorbed shocks produced by a machine 


rational and clean cut. 


Critical Speeds 


Modern Design in Shipbuilding 


Welding has made possible greatly increased ship production. That much 
has been hammered home to all of us time and again by newspapers and 
magazines. But increased production has not been the only effect of welding in 
ships. New design techniques and possibilities have been created by welding 
of ships that have a tremendous impact on the field of naval architecture. What 
these are will be presented in Propuct ENGINEERING. 


Design of Forgings 
Kink in many war production lines is forgings. War orders have stepped 
up so greatly that speedy production and longer die life have become most vital 
factors. How to speed production and lengthen die life at the drafting board by 
following a few design rules will be shown in an article by O. A. Wheelon of 
Douglas Aircraft Company, beginning next month. 


Thermal Insulation 


What thermal insulation material is most efficient and economical for given 
limits of temperature range? 

Answers to this question will be given next month by S. V. Saginor of the 
Davey Compressor Company, in an article that describes the structure and impor- 
tant properties of materials used as thermal insulants on many types of industrial 
equipment to maintain an optimum process or operating temperature. 


The Light-Weight Bugaboo 


Engineers are now becoming conscious of the fact that competitive light-weight 
designs can be developed in various other materials besides aluminum and magne- 
sium—provided full advantage is taken of all of the physical properties of each 
material. Proof: the a.c.f. bus body redesigned from aluminum to steel and 
designed lighter in weight (P. E. January, 1942, p. 6). Propuct ENGINEERING 
will tell next month what to look out for in designing with each of the applicable 
materials in lightweight structural design. 


If you have critical speed problems. 
turn to page 439 for detailed and spe- 
cific information telling how to calculate 





equivalent speeds and _inertias for 3 
complete mechanical system, in order, 
solve problems such as are encounters) 
in the design of industrial machine, 
The authors, C. R. Freberg and f \ 
Kemler, both of the School of Mechay, 
ical Engineering at Purdue Universiy 
make the procedure clear and eas 
understandable. To illustrate the Die 
cedure described. an example is worked 
out in full for a compressor, 


Hammer Mechanisms 


A number of methods of appli, 
impact forces that have been employ 
in the electric power hammers » 
shown in detail on pages 452 and 4 
Oppositely rotating weights and a mag. 
netically held reciprocating striker ay 
two of the interesting and effectiy 
schemes. 


Alloy Specifications 

Concluding the table of specificatios 
for copper alloys begun last month \; 
R. A. Wilkins and E. S. Bunn, this 
month’s Reference Book Sheets, pay: 
483-486, cover the specialized allo 
The same arrangement is used as in tle 
first half of the table which gives Fe. 
eral, Army, Navy, A.S.T.M., ASME. 
S.A.E., A.M.S., and British specific: 


tiens by classes of material. 


Materials Data 


Compressed resin impregnated ph 
wood is a material still too new to har 
many applications beyond airplane pw 
pellers. It is known by several names 
and its properties can be varied betwee 
wide limits. More about this mater 
on page 467. 


Carbon and graphite, though fragie 


as compared with metals, have prove 
themselves suitable in many parts @ 
equipment, particularly where corrosit 
resistance is important. Normally p 
ous, these materials can now be mat 
impervious and stronger by imprt 
nating with a plastic material. lit 
on page 469. 

Malleablized steel, made by a lat 











malleable iron foundry, was beginiitt 
to replace steel forgings before pre" 
shortages arose. Its yield strength ou 
pares with that of steel forgings 2 ™ 

S.A.E. 1035 to 1050 range. Physid 
amiiies may be closely contrll 
over a wide range by heat-treaint 
alone. See page 471. 

Aluminum bronze is covered it” 
last of the copper alloy series by Wi 
kins and Bunn, pages 472 to 474 ti 
minum bronzes have been rest 
until recently to castings for a‘ 
resisting parts but they are now 
used in mechanical parts requis 
high tensile strength. 
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Machine Tool Builders... 


the men behind our war production achievement 








7 TOOK GERMANY Six years to get ready for this 
| war, and Japan even longer. But in less than 
tventy-four months American industry, starting 
from scratch, has caught up with and surpassed 
the war production of the Axis. 

When France fell in June, 1940, we unfortu- 
nately had no gigantic munitions makers, like the 
Krupp or Skoda works, to turn to. We had been 
devoting our attention to making refrigerators 
and vacuum cleaners and motor cars and lawn 
mowers. Ordnance output for our Army was a 
mere million dollars a month. A sad commentary 
on our National state of mind and our lack of 
responsible political leadership. 

Yet during June of this year, our industries, 
transformed from peacetime pursuits, produced 
close to a thousand times that amount. A thou- 
sand-fold increase in two years! 

The same spectacular gains hold throughout 
our war program — for ships, planes, guns, tanks, 
a thousand items. We are well on our way toward 
the 60,000 planes, 20,000 anti-aircraft guns, 45,- 
000 tanks and 8,000,000 tons of shipping that 
the President asked us to produce in 1942, and 
toward the much larger production projected for 
the year 1943. 

We are well on our way thanks to a number 
of factors, one of the most vital being the extra- 
ordinary job done by the machine tool industry. 
For it has equipped America’s metal-working 
shops with the tools they need to turn out the 
vast quantities of war weapons. 

The machine tool industry’s importance springs 
from the fact that almost every metal product, 
from mechanical pencils to giant guns, is made 
with machine tools. They transform pieces of steel 
into parts for automobiles, farm implements and 
tadios—and for airplanes, guns and tanks. 

The Garand rifle, highly praised by General 
MacArthur at Bataan, has 72 metal parts requir- 


ing 1040 separate cutting operations on machine 
tools. A 40-millimeter gun mount is made up of 
1500 separate parts, built to the tolerance of a 
Swiss watch. Each part must be machined, not 
once, but several times. 

No wonder that when the American defense 
program was undertaken two summers ago, the 
American machine tool industry was the first to 
be called into service. Ninety-five thousand ma- 
chines were wanted as quickly as possible from 
250 builders who in peacetime had produced 
some 25,000 machines a year. 

But the demand did not stop there. The Army, 
the Navy and the Air Force kept asking for more 
as the war production program was expanded 
again and again. Nor was that all. The entire 
anti-Axis world besieged Washington with urg- 
ent requests— from London to Moscow, from 
Ottawa to Chungking. 

To a man the machine tool builders responded. 
New factories and additions to old plants were 
built, with deliberate disregard of the prospect 
that all these sharply expanded facilities could 
not be used after the war. 

To increase output from existing plants prac- 
tically every company went to two long shifts or 
three short ones. The industry’s work-week was 
greatly extended. From the beginning of our 
effort, it has been the longest of any industry. 

Working forces were enlarged from 40,000 to 
110,000, and this latter figure does not include 
tens of thousands of employees with sub-con- 
tracting firms. Though machine tool building 
requires a higher degree of individual skill than 
most products, “learner” courses have been set 
up to train men quickly. Over 15,000 men and 
women now are in training. 

The machine tool builders were among the 
first to go in for sub-contracting. They have 
farmed out parts, subassemblies and complete 











machines right and left. ‘To meet their needs, 
for example, repair shops of carpet mills are 
making milling machines, a laundry machinery 
company is wialtinni radial drills, and an auto- 
mobile body builder is making planers and 
boring mills. 

Machine tool manufacturers quickly shelved 
peacetime practices to concentrate manufacture 
on the sizes and types of machines critically 
needed for the war program. ‘hey adopted mass 
production methods wherever possible, although 
machine tools are essentially a tailor-made prod- 
uct. They sent their sales engineers, as did ma- 
chine tool dealers also, to hundreds of munitions 
makers with invaluable advice as to tooling up 
most efficiently for their particular jobs. 

The swift action taken by the machine tool 
builders shows what private enterprise can do to 
meet a national emergency. ‘They were the first 
to institute a voluntary system of priorities. 

All of this involved an almost explosive ex- 
pansion of the industry. Machine tool builders 
produced an average of only 7,500 machines a 
year from 1931 to 1934. In an ordinary year, 
output totals 25,000 machines. But in 1940, it 
rose to 112,500, and in 1941 to 187,500. 

The 95,000 machine tools wanted for the orig- 
inal defense program were built and delivered 
within eight months. 

Today more than 1,000 machine tools are being 
shipped to war factories every twenty-four hours, 
and for seven days a week. Each month's output 
exceeds that of an entire normal peacetime year 
and is five times that of the depression year of 1932. 


And each succeeding month is shattering all pre- 
vious records. 


It is this amazing performance that led Under 
Secretary of War Robert P. Patterson to declare 
that “machine tools are the foundation on which 
our production structure is built. American 
machine tool men are doing a stupendous job. 
Machine tools are now being turned out at a 
rate of $1,380,000,000 a year. Machine tool 
designers have worked to improve tools so much 
that machine tool effectiveness today is one-third 
to one-half greater than it was in 1930. Our pro- 
duction today is 16 times what it was—in capacity 
to cut metal—at the peak of the World War.” 

The results of this performance by this key 
industry, so satisfying to the Nation, do not spring 
wholly from the numbers of machine tools pro- 
duced. They stem also from their improved qual- 
ity and greater productivity. 








Today's warfare differs radically from that of 
1917-1918. It calls for mechanized weapons 
complicated in design and built to such a fine 
degree of accuracy that they are beyond com 
parison with the weapons of a gencration ago, 

Machine tools, completely redesigned ¢ during 
the depression years, are meeting dew new and 
exacting requirements. In ahiniine. thousands of 
aniides tools of special design, without counter. 
part in peacetime work, have been built. 

The record of the war industries most directly 
dependent on the machine tool industry speaks fo, 
itself. One tank manufacturer alone is producing 
more than thirty big tanks a day. A midwesterm 
plant is completing 35 anti-aircraft guns a day, round 
the clock without interruption. A tank engine factory, 
tooled up to make 650 units a month, is actually 
building over 1500 a month. Demolition bombs, des. 
tined for Berlin and Tokyo, are being made by the 
tens of thousands every month. Machine guns are 
being produced at a rate of 50,000 a month. 


These manufacturers, all machine tool users, 
are far in advance of the timetables set for them. 

All this is good news for the American people 
and bad news for the Axis. It is proof that Amer 
ican industry, with each individual and special 
ized industry doing its part, is living up to the 
faith put in it by the American people. 

But it is more than that, too. It is a guarantee 
of our confidence in the peacetime future of 
American industry and of the free enterprise sys 
tem under which this miracle has been wrought. 

Perhaps more than anything else, the founde- 
tion of that confidence must be faith in the far 
sightedness, the ingenuity, the engineering and 
desioning skill, me the managerial ——— howl ot 
the sala tool makers. 

On them we depend for the most essential tool 
of the post-war production economy. Without 
them, our vision of better living standards and 
full employment through more efficient produc: 
tion and distribution can never be more than a 
vision. 

What they have done as the toolmakers for 
war is proof of what they can do as the toolmakes 
of peace. How they have done it as free men isa 
demonstration of what free men will do. 


fru KM SArancf 


President, McGraw-Hill Publishing Company, Int 
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This message is appearing in all McGraw-Hill industrial and business publications, reaching over a million readers. 
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GEORGE F. NORDENHOLT, Editor 


Equal Performance Spells Inferiority 


COUNTLESS TIMES IN THIS WAR victory has gone to the 
Nazi forces not because of superiority of numbers, not 
because of better generalship, not because of better fight- 
ing men and not because of luck, but simply because 


) Germany put into the battle a new or improved weapon 


while her opponents had nothing with which to combat it. 

German tanks in 1939 easily over ran France and the 
Low Countries. Gliders overwhelmed Crete. Cargo planes 
tipped the scales for Rommel and also gave him a new 
gun that wiped out the British tanks. German submarines 
of superior design are winning the battle of the Atlantic. 
Numerous other striking examples of not only German. 
but also Japanese, superority of armament design can be 
cited. 

During the first of the three years since this World War 
began, little was done in the United States in the way of 
developing new war materials or improving then existing 
designs. Not until Dunkirk did our Ordnance Department. 
Air Corps and other branches really get on the job. To 
any honest thinker the reasons for this lamentable state of 
affairs is obvious. The loud cries of the isolationists and 
the lethargy of the average citizen are most to blame. 

But now we are in it and fighting for our very existence. 


Insofar as expense goes, the lid is off. No price is too high 


to pay for a weapon whose performance is highly superior. 
To date such super weapons have not been produced, or 
at least have not been put into action. 

Designing superior weapons is distinctly the job of the 
engineer. Only he knows what industry can produce, and 
his imagination is unhampered by the limitations imposed 
by the rules of military tactics. But today the designer’s 
thinking is apparently dwarfed by aims that are too low. 
Too much emphasis is being placed on developing equip- 
ments as good as those of our enemies. instead of arma- 
ments markedly superior. 

Any design that equals that of our enemies always 
proves to be an inferior design when it reaches the battle 
front. Between the time of the conception of the equally 
good weapon and its arrival on the battle front the 
enemy has further improved his own designs. 

Standards of performance and criteria of excellence far 
higher than found in any existing equipment are needed 
today in the design of our fighting machinery. To arrive 
at such standards requires imagination, initiative, daring 
and the courage to make them effective. It is a challenge 
to the scientists, engineers and designers of the United 
States. And thus it is that future history is being written 


today on the drawing boards of American industry. 
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Cartridge cases of steel instead of drawn brass was one of the most significant redesigns for materials conservation. This and simile 








U. S. 


redesigns by the Ordnance Department engineers will save a total of 671,000,000 pounds of copper through the year 1943 


MATERIALS CONSERVATION | 





In the Design of Ordnance Equipment 


HE greatest program of design 

and redesign in history is now in 

full progress. It is concentrated 
on war materiel, the firing weapons and 
equipment used by American and Allied 
soldiers. This program was’ originated 
and is being actively promoted by the 
Ordnance Department of the U. S. 
Army. 

A small part of this design work is, 
of course, the result of lessons learned 
through the war time application of our 
materiel, some is due to the develop- 
ment of new types of equipment and 
weapons, but by far the majority is a 
direct result of a scarcity of certain 
basic raw materials. 

A kind fate put the world’s greatest 
supplies of iron, coal, and petroleum 
within the boundaries of the American 
continent. The same fate was liberal 


428 


LT..COLONEL J. H. FRYE 


After explaining the situation that faced the Ordnance Department 
when the rearmament program began, Colonel Frye analyzes the malt 
rials problem, sketches the Ordnance Department set-up to meet the 


need for materials conversion and redesign, sets forth the problem 
involved and explains the substitution of steel for brass in cartridg 
cases. Materials conservation in the redesigns of gun platforms fv 


anti-aircraft guns and the redesign of tank tracks are also touched upo 


with other raw materials, but overlooked 
a few. Also there existed the American 
style of manufacture—production lines 
based upon the rapid duplication of 
finished parts, but the industries most 
capable of the mass production of parts 
were restricted to items purchased in 
tremendous volume. Consequently, the 
meager peace-time needs of the Army 
Ordnance Department could not be fully 


adapted to the stamping. die castil 
powdered metallurgy or other industné 
whose operations depended upon 
ume output. As a result, Ordnance dt 
sign engineers were often restricted 
the use of manufacturing methods which 
could produce parts in relatively smi 
quantities. 

In some instances the requiremél 
were so small that it was necessaly" 
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overdesign or overgrade materials en- 
tering into such parts. As an example, 
many parts of the machine gun were 
once produced from chrome-vanadium 
steel simply to increase the quantity of 
that grade and make it available for 
the two or three parts for which an engi- 
neering requirement actually existed. 

Most war materiel requires extensive 
testing, sometimes covering a period of 
years, to prove the correctness of de- 
sign. Hence, once a design has been 
proven, it is frequently difficult—some- 
_ times impossible—to change materials 
| without taking a chance with the mili- 
‘tary effectiveness of the materiel and 
the lives of our own men. This is par- 
ticularly true of ammunition components 
since a premature detonation of a shell 
in the gun may not only destroy the 
weapon, but have a disastrous effect on 
the gun crew. 

Considering these conditions, it is no 
surprise to learn that ammunition fuze 
components were whittled from alu- 
minum and brass bar stock when they 
could more effectively and less waste- 
fully be made by die casting or from 
plastics; the use of steel forgings in- 
stead of the more economical and less 
critical stee] stampings; aluminum and 
brass castings used where malleable and 
grey iron would suffice. But remember. 
these were not errors of judgment, nor 
the result of expediency; they were 
wholly and solely due to the limited 
peace time military requirements of ma- 
teriel and the more limited peace time 
budget. 

The world’s mightiest war, consuming 
more assorted hardware hourly than was 
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ever thought possible, changes the pic- 
ture drastically. The present scale of 
production makes it mandatory to 
abruptly discontinue the past waste- 
fulness of materials. Intelligent but 
drastic conservation of materials is em- 
phasized. This can be accomplished 
safely and without loss of military effi- 
ciency only by the proper application 
of materials and processes, based upon 
sound engineering principles. 

Conversion to more abundant ma- 
terials is one important form of con- 
servation. Because of differences in mod- 
uli of elasticity, tensile or yield strength, 
fatigue or impact resistance, and other 
engineering characteristics, it is often 
necessary to modify the design of the 
part or unit. Of equal importance in 
conservation work is the possibility of 
using less material for a given part with- 
out affecting its functioning. This re- 
quires redesign. 

The need for this conversion and re- 
design. and the opportunity of saving 
enormous quantities of critical materials 
were recognized by the Ordnance De- 
partment a year and a half ago. It is 
likely that this early recognition is 
largely responsible for the progress of 
the Army Ordnance Department in its 
conservation effort. By order of the 
Chief of Ordnance, a central authority, 
with branches in each operating di- 
vision, was established for the conserva- 
tion of materials. Also, this authority 
was charged with the responsibility of 
introducing new materials and_proc- 
esses. 

In addition to the Ordnance officers 
assigned to this centralized control. the 


services of high ranking engineer spe- 
cialists were retained in an advisory 
capacity in the following fields: automo- 
tive, die casting, metal stamping, pack- 
aging, plastics, grey and malleable iron 
castings, and welding. Several com- 
mittees of various engineering societies, 
trade associations, and others, are also 
assisting in design and materials prob- 
lems. 

The problems in the early days of this 
program now appear quite simple. since 
the strategic materials then consisted 
only of aluminum, magnesium, nickel, 
and zinc. As the production program 
advanced, there were frequent additions 
to this list of materials, and at the pres- 
ent time there are few exceptions. 
Among the most common of strategic 
metals, many of which are critical. are 
tin, magnesium, vanadium, molybdenum. 
aluminum, copper, tungsten, chromium, 
high grade zinc, manganese, alloy steel, 
sheet and strip steel, steel plates and a 
host of others, 

The centralized conservation control 
first initiated a survey of all Ordnance 
materiel, requiring that every part or 
component using strategic metals or 
alloys involving quantities of 1 percent 
or more be reported on especially pre- 
pared forms. Alternate materials or 
substitutes were listed wherever pos- 
sible and their use became mandatory. 
Existing specifications or drawings were 
then revised or rewritten to make it pos- 
sible to procure these alternates. 

One of the most interesting substitu- 
tions effected was that of steel for brass 
in cartridge cases. This was the result 
of a cooperative effort in which Ameri- 





Stans 


U. 8. Army Signal Corps 


parts of machine guns must be made of chrome vanadium steel. But in peacetime so few guns were manufactured 
ium was specified for many parts merely to increase to a reasonable minimum the quantity of that steel ordered 
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can industry and Army Ordnance par- 
ticipated. It involved an intensive re- 
search program in which design played 
a most important part. The design 
phase of this program had two major 
divisions. First, the product had to be 
redesigned and, second, it was neces- 
sary to redesign the time honored dies 
in which it was drawn. The successful 
termination of this research project is a 
signal tribute to American engineers, 
both Army and civilian, for many other 
countries had been trying unsuccess- 
fully to make artillery cartridge cases of 
steel for years. True the Germans and 
others had them in World War I and 
are using them today, but the latest ad- 
vices are that ramming may have to be 
resorted to in order to extract the empty 
case from the gun after it has been fired. 
This cuts materially the rate of fire, and 
artillery using European steel cartridge 
cases cannot be employed in barrage or 
other rapid fire. The steel cartridge 
cases developed in the United States are 
quite as satisfactory as the brass ones, 
and production orders have already been 
placed with more than 45 manufac- 
turers. 

Redesign was made necessary partly 
because of the different physical char- 
acteristics of brass and steel. The dif- 
ference in the moduli of elasticity made 
it necessary to use a_ censiderably 
greater yield strength when considering 
steel for this application. Also in the 
picture was the ballistic property of 
obturation. 

The cartridge case is that part of a 
round of ammunition which (1) holds 
the charge of gunpowder that propels 
the projectile through the air, (2) is 
crimped to and acts as a supporting 
structure for the projectile, (3) holds 
the primer which ignites the propellant 
charge, and (4) expands when the gun 





Most war materiel, like this 37 mm. anti-tank gun, requires extensive testing to prove 
military effectiveness and dependability. A design defect might have a disastrous effect 


is fired to prevent any blowback, and 
then contracts (obturation). 

This obturation effect was the hardest 
characteristic to develop in a steel case. 
When the gun is fired, the terrific pres- 
sure exerted by the explosion of the 
propelling charge momentarily expands 
the gun bore and, at the same time, it 
expands the case wall. If the case does 
not return to its original dimension as 
does the gun barrel, which is an elastic 
structure, it sticks and requires violent 
ramming to extract it so that another 
round can be fired. Furthermore, the 
case is made slightly smaller than the 
bore of the gun to facilitate rapid load- 
ing and ejection. Therefore a consider- 
able coefficient of expansion and con- 
traction. considerable in view of the 
wall thinness, had to be built into the 
new design. 

Design engineers who tackled the 
problem of steel cases in Europe first 
tried making them in two or more parts. 
Others tried making them partly of 
brass and partly of steel. The first 
idea that enters the design engineer’s 
mind is to cut and form seamless steel 
tubing and flash weld a stamped head 
onto it. Too many failures soon proved 
that the metal in or near the weld could 
never be made to retain the required 
physical characteristics. One method 
tried in Europe was to make these by 
partly closing a steel tube at one end 
and then riveting and spot welding it to 
a flat steel plate allowing enough over- 
lap for extraction after firing. A varia- 
tion of this design was to force the 
partially closed end into a brass ring. 
The hole left was closed with a large 
brass rivet which held the primer. Fail- 
ures of two kinds occurred, either the 
case burst close to the head or it failed 
to contract and stuck in the gun. While 
efficient methods of fabricating cartridge 


U. 8. Army Siynal Uorps 


on the gun crew and might put the gun out of action at a critical time in battle 
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cases of two or more parts regard) 
of the metal employed could no douky 
have been designed or adapted, the 
weaknesses inherent to this type of 
structure ruled them out. The singh. 
piece design of tradition was retaing 

In steel, as in brass, this Singlepiegs 
construction involved deep  drayig, 
which was a matter of die design al 
metallurgy. The automotive indugp 
had faced the same problem years }y 
fore when the one piece fender was 
signed and adapted. It had solved j 
partly by steel quality and partly ) 
new heat-treatments which again jy. 
volved new types of heat-treating fy. 
naces, now common throughout the ste 
industry where deep drawing sted 
sheets are made. But these steels dij 
not have the correct physicals for cy. 
tridge cases, nor could reformation ¢ 
grain bring them out. Hence, the jp. 
vocation of metallurgical research ya 
again in order. 

As most engineers already knoy, 
slugs for artillery cartridge cases ar 
punched from flat stock. These blank 
are then cupped and drawn in a succes 
sion of presses and dies with intermed. 
ate annealing. This was an extreme 
difficult type of drawing and die desig 
played a very important part. The find 
result was a steel of comparatively sin 
ple analysis, cold worked with carefil 
annealing throughout the process. Hoy 
the various problems of design, metal 
lurgy, and processing were solved is: 
military secret but the foregoing wil 
give the engineer an idea of the magi 
tude of the project. Practically all siz 
of artillery cases are being made fron 
steel, and attainment of the ultima 
goal is indicated by the estimate the 
they will save 100,000,000 Ib. of copper 
in 1942 and 591,000,000 Ib. in 1% 
a very appreciable saving. 

Afer the problems of design, met: 
lurgy, etc., had been successfully solvel 
it was necessary to tackle that of ms 
and corrosion. Electro-plating was co 
sidered, but here again the use @ 
strategic metals was involved. Also, th 
prompt expenditure of ammunitio. 
rather than long time storage, less 
the need for permanent corrosion t 
sistance. Consequently, it has been 
termined that a special phenolic varnish 
special in that it is resistant to 
chemicals from which gun powder § 
made, provided entirely adequate ™ 
prevention for steel cases. 

Throughout the development, ™ 
whole-hearted cooperation of all the 
industries who had no knowledge, h 
virtue of their normal business, ™ 
the working of steel, as well as tho 
versed in steel fabrication, have mi 
this development a most interesting ™ 
satisfactory task. To these and to mi! 
others, the Ordnance Department © 
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Redesign of tank tracks to eliminate the use of rubber has presented some difficulties and necessitated a number of alternate 
redesigns for several methods of manufacture. Here is the M-IV medium tank equipped with rubber block type tracks 


tends its appreciation. For now it can 
be safely said that before spring rolls 
around again a great proportion of 
artillery cartridge cases will be made 
from steel, and huge quantities of cop- 
per and zinc will thus be available for 
other vital uses in the war effort. 

Another interesting design problem 
was the 90 mm. anti-aircraft gun 
platform. The original design speci- 
fied aluminum floor plates because the 
added weight of steel plates of con- 
ventional design required five minutes 
longer for the gun to go into action. In 
the event of an air attack, a difference 
of five minutes would likely mean the 
difference of having or not having the 
battery and its crew after the attack. 
As might be expected, some difficulty 
was experienced in tool and die design, 
but as a result of co-operative efforts 
between industrial and Ordnance Engi- 
neers, a highly satisfactory steel plat- 
form is now being produced. It even 
saves a few seconds from the best previ- 
ous time required for a gun to go from 
battery into action. 

The redesign of tank tracks to elimi- 
nate the use of rubber has presented 
some difficulties, particularly because 
the urgency required fast action. The 
old design would have used many thou- 
sands of tons of rubber for this purpose 
alone, and represented one of the major 
Ordnance rubber requirements. These 
tracks are an ideal steel casting or 
forging job, and the problem would be 
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simple except for the limited available 
capacities of these industries and of 
machine tools for finishing. As a result 
of these conditions, it has been neces- 
sary to design for several methods of 
manufacture. 

In addition to the use of castings, 
shoes have been developed by utilizing 
combinations of castings, stampings, and 
rolled steel special sections. Military 
regulations do not permit a description 
of these constructions, but the importani 
information is that satisfactory tank 
tracks are being produced which elimi- 
nate more than 85 percent of the former 
rubber requirements. 

In a sense, conservation has just be- 
gun. Much has been done, and much 
can yet be accomplished. Ordnance per- 
sonnel realizes that every ounce of a 
strategic material saved is equivalent 
to the production of a like amount. 
Every effort is aimed at multiplying 
these ounces into pounds and tons, and, 
to a large extent, upon this effort de- 
pends the war. A production machine 
with a gigantic appetite for raw ma- 
terials has been created for the manu- 
facture of tanks, guns, planes, and other 
material. That phase is practically com- 
pleted. This is now a war of raw ma- 
terials, 

Among the major strategic materials 
the Army Ordnance Department has 
made substitutions and other engineer- 
ing changes which will reflect the fol- 
lowing known savings through 1943: 


Primary aluminum .... 170,000,000 lb. 


Nickel ............... 49,000,000 lb. 
Chromium 9,700,000 Ib. 
WN. Ki vain canned 1,250,000 Ib. 
Tungsten eh 17,500,000 Ib. 
Copper .............. 671,000,000 lb. 
ee ll 
Rubber (crude) ...... 60,000,000 lb. 


These results were attained by the 
cooperative efforts not only of the Ord- 
nance Department, but of all conserva- 
tion agencies of the War Department 
and the War Production Board, the Ad- 
visory Committees representing various 
industries, and the manufacturers re- 
sponsible for the actual production. All 
have contributed in full measure in 
carrying out the program, in advice and 
constructive criticism, and in initiating 
means of saving critical materials. 

The changes mentioned, and hun- 
dreds of others, have been made without 
affecting safety or military efficiency of 
the materiel. These factors must be 
considered before redesign or substitu- 
tions can be made, and under no cir- 
cumstances will any chances be taken in 
safety or quality. The principle differ- 
ence between industrial and Ordnance 
engineering is the cost of misjudgment 
or failures—one costing dollars, the 
other the lives of our men—perhaps a 
battle, or even the war. Ordnance engi- 
neers are often criticized for their con- 
servatism, for insisting upon thorough 
testing and proving, but the men on the 
firing line are glad that this is so. 
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Modern Designs 


$2-In. Lathe Has Two-Speed Tailstock 


In this war, big lathes are the industrial-front cal details, together with a few new ones designed 
equivalent of tanks and airplanes on the battle further to speed the machine’s production. Typj. 
front. Unlike tanks and planes, lathe designs have cal example is this big Axelson 32-in. lathe with 
already passed through many years of develop- many unique and interesting new design details in 
ment and improvement. Hence into each new its two-speed tailstock, in its selective 24-speed 
lathe design go countless long-perfected mechani- geared head, and in its carriage and apron. 


Most noteworthy design feature 

is this simple change-gear mechanism 

that gives two selective speeds for trav- 

erse of tailstock spindle. In low speed, 

pinion on handwheel shaft meshes with 

large gear on worm shaft. In high speed, 

pinion shaft slides in, and small pinion 

engages internally with clutch of an- 

other gear-set to worm gear shaft. Low 

speed aids feeding of tailstock-mounted 

drill into work. Moving of the tailstock 

along the ways is speeded by crank and 

pinion. Lathe bed is alloy cast iron 

(more than 50 percent steel scrap), 

with two V-ways and two flat ways hard- 

ened to 36 Scleroscope. Lead screw has 

preloaded adjustable ball thrust bear- “4 
ings at each end. Feed rod, supported + Alloy “pee 
on anti-friction bearings, is used for all iron Dee 
work except threading. 
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Gearing of headstock js designed 
so that 24 speeds are obtainable by 
front-mounted 
Headstock case is one-piece, oil-tight. 
alloy iron casting, sand-blasted and 
painted inside. No working parts attach 
to cover. Brackets which support shafts 
are accurately lined up with spindle 
bores and doweled as well as bolted to 
maintain alignment. Headstock spindle 


four 


levers. 


is massive, one-piece alloy steel forging. 


stress-relieved. 


case-hardened and 


ground. Taper seat for sleeve is also 
hardened and ground. Assembly of the 


spindle bearings, 


shown in drawing be- 


low. is unique. All thrust is taken by 
preloaded opposed front bearings. Rear 
bearings are mounted opposed as a unit, 


free to slide with 


thermal expansion of 


spindle. All gears in spindle driving 


train are alloy st 


eel, carburized, hard- 
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teeth. Forward an 
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MODERN DESIGNS - 32-In. Lathe (continued) 
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Apron is double-walled box-type gears are included so that direction of shown below, lubricates apron mechan- 
construction, oil-tight, with  self-con- feed can be reversed by lever at front of ism, carriage ways, cross slide, cross 
R tained oil reservoir. Longitudinal and apron independent of spindle rotation. feed nut, tool slide, tool slide nut, and 
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F. Schematic View of Cross Slide Feed Screw 
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spring sae z 
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Seale on tailstock spindle, when set to zero at beginning 
of feed, gives direct reading of depth of hole drilled by tail- 
stock-mounted drill. Scale is attached to slider which is 
Spring-gripped on key. Socket-head screws hold key. 
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pressure-cleaned wipers. Cross slide and 


threads and are mounted on anti-friction 
bearings. Cross slide feed screw is in 


tension. Both front and rear of main 
carriage casting are provided with re- 
taining gibs which are adjustable for 
wear, Carriage, cross slide and tool slide 
have troughs and ledges to return cool- 
ant fluid to center of bed. 


tion locks. Both slides 
tapered gibs. Feed 
curately cut Acme 





























-Clamping nuts 
ZC : — 
ee -Tailstock 
Guide---- ——" Hollow-head! screws 
Lower. 7 ¥ ° | Goa" in T-slots permit 
block — WSS adjusting tailstock 
Ways-- _—————_ Wayss\./atera/ly or lower 
—_ oN¥ block 
a x Oo / 
. fawl engages 
Clamp-- >=. ls 7 slot in bed rack 
‘“Clarnping lever 








Two-bolt clamping mechanism locks tailstock securely 
as shown in schematic sketch above. See also photo on page 
432. For light operations, tightening one bolt alone is suff- 
cient, because clamping plate compensates for off-side pres- 
sure. Quick-acting pawl backs up the tailstock by engaging 
with a rack cast integrally with the bed. Friction binder locks 
the spindle securely in position without misalignment. Body 
of tailstock is assembled to block by bolts in T-slots, permit- 
ting lateral adjustment but causing body and block to slide 
along the ways as a rigid unit. Tailstock spindle is alloy steel, 
hardened and ground, has tang-driving slot and drift holes. 
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MODERN DESIGNS - High-Speed Wood “Victory” Pulleys 





Meta/ threaded 
inserts 


/ Wood plug 














Wood sheaves and pulleys for V- 
belt drives not only release much 
strategic metals, but also wood has cer- 
tain advantages as an engineering mate- 
rial in these applications. Sheaves 
shown above are “Victory” sheaves of 
Dodge Manufacturing Corporation. who 
now have a single order for sheaves in 
which the use of wood will save 105 


Strong Wood Construction Replaces Steel Pipe 


Completely of wooed with no metal bands, nails or 
wire required to hold it together, this Armco emer- 
gency drainage pipe has a unique interlocking con- 
struction that provides maximum mechanical strength 
using only short lengths of wood and dowels. Inter- 
locking joints, which have been likened to construc- 
tion of Mormon Temple, are illustrated above. Sec- 
tions of pipe 12 ft. long or longer are assembled at 
factory, using non-strategic woodworking machines. 
Only field work required is to join the sections. 
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tons of metal. Dodge reports wood 
sheaves can run at much higher speeds 
than cast iron, because of the lighter 
weight of wood. Specific gravity of hard 
maple is 0.612 as compared with 7.87 
for cast iron. Rim section of wood sheave 
must be greater than that for cast iron, 
so not all of weight advantage can be 
realized. A 15-in. pitch dia. wood sheave 





was run at 25,000 ft. per min. rim speed 
with no bad effects; iron sheaves hay 
5.000 ft. per min. recommended ty 
speed. Lower kinetic energy of wool 
sheave is also an advantage where fas 
starts and stops are desired. In “Vic. 
tory” sheave, metal inserts avoid wea 
wood threads for  setscrews. Wood 
sheave is impregnated and _ lacquered, 



















































































LABORATORY TESTS ON 24 IN. DIA. WOOD CULVERT | 
14 LO Ft.Section _1% in. Thickness | 
| ] | | | 
| | | 
| 
12 ans as OO es 
5 
£10 ay 
nad 
o 
a 2 ay a A 
- ; 
a Sides supported a 
S 
= ( ) 
7 A+ — 
= PA -Sides unsupported 
4 5 6 
Deflection, Percent 





Two-point bearing test on section of 24-in. dia. wood DP 
shows that inherent strength is equivalent to that of steel. As show 
by upper curve, the wood pipe acts much the same as steel pipe" 
properly tamped fill, deflecting slightly to build up side supp 
without breaking or loosening the joints. Wood pipe is lighter 1 
weight than iron pipe and will long outlast the war in almost a! 
application. The wood is impregnated with pentachlor-ph 
oil-soluble toxic chemical that repells moisture and wood-de 
organisms and that is not on the critical list. Recently deve , 
impregnants and finishes permit many new mechanical uses of ¥™ 
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Replacing a rubber coupling in H. 
0. Thrush Company’s water circulator, 
this new spring coupling permits maxi- 
mum misalignment between shaft ends 
without harm to bearings. Barrel shape 
of spring, developed with help of Muehl- 


Aluminum Gives Way to Plastics in Lathe 


Aluminum was material formerly 
used for speed selector dial and control 
wheel, for collet chuck guard and for 
various knobs and handles on this Gis- 
holt ram type universal turret lathe. 
These parts are now molded of high- 
impact phenolic resin. Reasons for 
choice of this material in place of war- 
strategic aluminum were: (1) lighter 
weight which minimizes overtravel of 
dials and handwheels; (2) satisfactory 
impact strength; (3) reduction in ma- 
chining reduces number of man-hours 
to make these important machine tools; 
(4) resistance to water, oils and cool- 
ants; and (5) dials are easier to read. 
Inner dial is red; outer is black, Num- 
erals are white, wiped into molded-in 
recesses. Wheel 12 in. dia. for longi- 
tudinal traverse of cross slide has also 
successfully been changed from alum- 
num to phenolic. Parts were molded 
by Eclipse Moulded Products Company. 
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Barrel Spring Designed as 





hausen Spring Corporation, puts point 
of greatest flexibility at center of spring, 
permitting greater radius of misalign- 
ment. Spring action also has effect of 
increasing starting torque of motor. 
Metal hubs, or driving ends, are at- 


d contro/ 


Be 


Flexible Coupling 


wheel 
resin, 


tached to barrel spring by simple ex- 
panding operation, giving good dynamic 
balance to coupling. Vibration and 
transmission of noise are practically 
eliminated, it is reported. Old and new 
couplings are shown at right. 











MODERN DESIGNS - Diaphragm Breaks, Flow Changes 






























Floating Casing Changing Holding Pressure 
and Washing Bridges _ Discharge Direction on the Cement 
E Ay Path of SSID 
Nb diverter 
ball A 
; dropped i 
‘ into dies 
; casing’ V, Back 
2 ; pressure ‘ 
[Back y : [valve § 
reSSU: a 
Pyalve 4 © floats 
is ball 2 to seat 
born Af pomp 
IN KO , Z 
= side’ F Flow ; 
RN * ceases: 
Y Kk Diverter4 
bal/ i 
seats, i 
diaphragm) Vy 
breaks A , 
s i= 
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Cement A YG 
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While oil well easing js lowered into drill hole. downward 
flow of drilling fluid is desired for washing out obstructions. 
When shoe reaches bottom. lateral flow is desired to give 
better, unchanneled cement seal around casing. In Nuwell 
Flo-Master cementing equipment, change of flow is accom- 
plished by dropping a plastic diverter ball down the casing, 
plugging the bottom port. Fluid under pressure then ruptures 
plastic diaphragm and flows out through evenly spaced lateral 
ports. Lateral flow keeps shoe accurately centered in hole. 


















Cementing Heavy phe- 
pee COLLAR nolic resin 
Casing connection 
Stee/ thread 
fit Beveled Flo-Master/“ 
bow/, SHOE Steel , 
Phenolic . phenolic housing 
resin bypass ' resin CG Casing 
—— - connection 


- thread 





cag Phe So aii 
rs valve seat © . 
P with : 4 Nuwellite 
ope / Giaphragm 
§ with Section 
removed to 
Show dis-: 
= tributing 
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Buoyant 
Phenolic 
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insert 





? Valve 
bal] 










Casing F 

connection retainer anda 

thread Lateral discharge pte 
ports port % 

Fluid and diverter Diverter bal/ 

ball passageway seat Rounded 


Se ae nose, phe- 
Circular distributing chamber noleteal 


Internal parts of the collar and shoe are all of molded 
phenolic resin, are strong, abrasion resistant, but can easily 
be drilled up if desired. Unique design of cage for back- 
pressure ball holds the ball off to one side so that small 
diverter ball can pass through the slot unimpeded with down- 
ward flow of slurry. Back-pressure ball is rotated by slurry 
so that it retains round shape. After flow stops, bouyant back- 
pressure valve ball floats to its seat. Diverter ball seats in 
phenolic resin nose of shoe. 


Material Substitution Necessitates Redesign 


Chest 
changed 
from cast 
aluminum 
to cast 
Meehanite 









Spring 


cups Change in 
retriever 
springs due 
to increase 
in_ weight 
of chest 








Air eylinder and retriever springs which contro] movement 
of the steam chest of this Zarmo Press, made by American 
Laundry Machinery Company, had to be made larger when 
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Chest from cast aluminum Spring padding | 
to cast Meehanite changed from | 
Phosphor bronze 
wire spring to 
stee/ springs 
and plates 































tubing, \ 
of thin x Pushbutton cup | 
rn “44 formed rea 
scrap replaces | 
used instea aluminum die | 
ei copee cectog | 
for air -LFrom stainless | 























lines, steel rod to 

Saran tubing » cold rolled 

is unCer gis stee/ 

test ©& ea: ; 
BA | 

Retriever cylinder 

Spring * 








* 
‘Enlarged when chest was changed 


because of increase in weight 
— 





the weight of the chest was increased by changing It from 
cast aluminum to cast Meehanite, Other materials changes 
avoid strategic metals involved no design changes, as shown. 
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CRITICAL SPEEDS 


How to Calculate Equivalent Speeds and Inertias 


C. R. FREBERG and E. N. KEMLER 


School of Mechanical Engineering of Purdue University 


- types of machines have critical speeds in the range of the operat- at the speed of the equivalent mass. In 
Many ty} & I 
. ° > sy Pe € > 1 is 
ing speed of some member. In such machines trouble may occur which the event that members have a variable 
- e . . . mass, a li Ss 
may result in failure of one part or cause excessive operating or main- ass, the equivalent mass necessary to 


tenance expense. This article discusses solving critical speed problems by 
a simplified method based on sound theory and application of simple 


formulas. 


NY SYSTEM must have elasticity 
and mass to be able to vibrate. 

The natural vibrations of elastic 
systems involves the interchange of 
potential and kinetic energy. The poten- 
tial energy in the system is present as 
elastic energy stored in the shafts and 
other elastic members. The kinetic 
energy is stored in the moving weights 
or masses of the system. A simple 
vibrating system may consist of a weight 
on a spring where the weight is the 
mass of the system in which kinetic 
energy may be stored and the spring is 
the elastic member where potential 
energy may be stored. The solutions of 
the more complicated type of vibration 
problems are based on the principle of 
replacing a complicated system by an 


give the same effect over a cycle is used. 


Equivalent-Mass System 


Before reducing a system such as is 
shown in Fig. 1 to a simplified shaft and 
mass system, a summary of the disk or 
mass and shaft vibrating system will be 
briefly considered. In Fig. 2 is shown a 
simple torsion system, the natural fre- 
quency of which is given by Equations 
(1) and (3), where 


equivalent system which will have the 
same capacity for storage and potential 
energy. 

The compressor shown in Fig. 1 is an 
example of a complicated system in 
which various parts operate at different 
speeds and have different elastic prop- 
erties and masses. In an equivalent sys- f = natural frequency in vibrations per 
tem, all parts would be reduced to an —. 

: i : : = 386 in. per sec. per sec. 
equivalent rotating system, in which the = torque required to produce unit angle 
masses and elastic members would be of twist, lb. in. 
varied to give an equivalent energy = moment of inertia of disk, lb. in. 
system wherein all elastic members ar tlhe gt gg 
sy: ' lane ane _per. 
’ ; “i : = D = dia. of disk, in. 
reduced to an equivalent shaft of unit W = weight of disk, lb. 
diameter and of such a length as to give f =[1/Qn)] VOI (1) 
an equivalent energy-storage capacity . Rap ‘ane , 

; S if For a solid disk of uniform thickness 
at the speed of the equivalent mass. The 
masses are likewise determined to give I = (WD*)/(89) (2) 
an equivalent energy-storage capacity For a flywheel or pulley which is not 


As 


~ 





























Table I — Data for Compressor System 
































Equivalent 
Actual Values at 
| Motor Speed 
Electric al : 
moror Z | Motor speed, r.p.m. 1,800 
t Motor pulley dia., in. 10 
_7 Belt Compressor pulley dia., in. 36 
- Pulley center, in. 72 
Belt, 6-ply rubber‘ (approx. 0.3 in. thick) 8 in. wide 
Armature shaft, armature to pulley, 1% in. dia. 10% in, long 
4 Connecting rod weight, Ib. 36 
Distance — C.G. of rod to crankpin, in. 6 
crankshaft Length of rod, in. 18 
y —_ Weight of piston, piston rod,crosshead, Ib. 108 
Motor-Driven bh | ES] Stroke, in. 9 
Belt Connected Fan I-10 in. pulley, Ib. in. per see. per sec. 3a 3.3 
Compressor System a I-motor armature, Ib. in. per sec. per see. 6.5 6.5 
I-compressor pulley, lb. in.per sec. per sec. 140 10.8 
ml I-erank, piston, rod, lb. in. per sec. per sec. 9.8 1.26 
le. equivalent lengths of unit diameter 
1. Armature to pulley, in. 1.55 1.55 
PA fy 2. Belt, in. 62.5 62.5 
FIG.1 ; Z £, 3. Pulley to crank, in. 0.15 1.94 
Piston—~_~, Ms Kose bait 
4~ if C-torsional rigidity . ' 
f DB 1. Armature to pulley .6x109 
Y Y; 2. Belt 0.1885 x 10° 
3. Pulley to crank 6.07 x 10° 
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of uniform section it is necessary to ex- 
press the moment of inertia in terms of 
an equivalent diameter. Where the 
weight and inertia of the arms of a pul- 
ley can be neglected, the approximate 
moment of inertia, assuming the weight 
to be concentrated in the rim will be 


Iappros. = (WeD2)/(4q) (3) 
where 

D, = mean dia. of the rim, in. 

W, = weight of the rim, lb. 

Where more exact calculations are 
desired for a pulley or flywheel or for 
any other type of mass the results are 
normally given in terms of the individ- 
ual Wr? or WD? values. Thus. 


where 


D = mean dia. of individual mass 
particles 

yr = mass radius of individual mass 
particles 

w = mass particle concentrated at D 
orr 


ZWD? OW? 
4g g 
Equation (4) indicates 

the addition of individual values. 

Since the kinetic 
rotating 





The X sign 


energy stored in a 
proportional to the 
angular velocity squared, the equivalent 
inertia of masses having 
is given by 


mass is 


rotary motion 
IT Equivalent = 
(Sp2ed of actual mass)? 


xX J actual (5 
(Speed of equivalent mass)? 


By using this formula, it is possible 
to reduce a mass directly to a required 
speed. In this discussion, all masses will 
be reduced to the motor speed so that 
the term “speed of equivalent mass” 
will be the speed of the motor. This 
general formula, Equation (5). applies 
regardless of the method of driving the 


mass, that is. through gear, belt. or 
chain, and can therefore be used to 


reduce any rotating mass to the equiv- 
alent system speed. 

For reciprocating masses, it is con- 
venient to resort to approximations in- 
asmuch as the actual systems become 
dificult to solve mathematically. Gen- 
erally, the approximations used will 
have little effect on the critical or res- 
onant speeds. The slider crank or en- 
gine mechanism shown in Fig. 3 has 


been treated by Timoshenko (‘Vibra- 
tion Problems in Engineering”) who 
found that, for critical-speed calcula- 


tions, the weight or mass of this system 
can be replaced by an equivalent fixed 
mass at the crankshaft. As a first step in 
such a mass reduction, it is necessary 
to reduce the mass of the engine con- 
necting rod with its complicated mo- 
tion to a simple system. It can be shown 
(see “Mechanics of Machinery” by Ham 
and Crane) that for the connecting-rod 
system, Fig. 4, the mass of the connect- 
ing rod can be replaced by a mass at 
the piston wristpin or crosshead and 
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another mass at the center of percussion 
with respect to the wristpin axis. If 
the center of percussion is close to the 
crankpin center, however, the mass can 
be used at the crank center with suffi- 
cient accuracy. While this is obviously 
an approximation it will be used as the 
basis for reduction. 


Let 


M = mass of connecting red 

M,= mass of connecting rod concentrated 
at crankpin 

M-.= mass of connecting rod concentrated 
at wristpin 

1, = distance between wristpin and center 
of gravity, in. 

1, = distance between center of gravity 
and center of percussion, in. 


i. me 
M, -(<37)™ (6) 


l, : 
M, = (7) M (7) 


After the connecting-rod mass has 
been concentrated at the wristpin and 
crankpin, it is necessary to convert the 
piston-mass and connecting-rod-mass 
component at the wristpin to an equiv- 
alent mass or inertia at the crankpin. 


then 


and 


Timoshenko shows that where 


M;, and M>» are as given 
M, = W,/g = mass ef piston and cross- 
head 
= crank throw, in. 
1 = length of connecting rod, in 
I. = engine-parts inertia 


The mass or inertia of a disk which. 
concentrated at the crankshaft, will give 
the same kinetic-energy effect is 


: 
I. = |M, + (1/2) (M2 + M,) 


ah F , 
(1+) IF (8) 


When the crank rod ratio //d is small. 
the term r°/(4/°) will be negligible so 
that. for most the equivalent 
moment of inertia will be given by 


I.=(M,+(1/2) (M.+M,)|r? (approx.) (9) 


cases, 


Equivalent Elastic Systems 


The members in a system, such as that 
shown in Fig. 1, store elastic or poten- 
tial energy. Since the shafts rotate at 
different speeds and since some of the 
members, such as the belt are non- 
rotating members, it is necessary to re- 
duce the system to an equivalent system 
of shafts rotating at the equivalent sys- 
tem speed. The equivalent shaft system 
involves both diameter and Jength, since 
the energy which can be stored is deter- 
mined by these dimensions. To simplify 
the problem, the shafts will all be re- 
duced to a unit diameter of 1 The 
length is then determined to give the 
proper energy storage. The longer the 





equivalent shaft, the greater its chery. 
storing capacity. 

When using a unit diameter as , 
basis for calculation, it is necessary to 
vary the length to maintain a constant ( 
value of energy-storage capacity. 


Let 


E, = torsional modulus of elasticity, jp 
per sq. in a 
l = shaft length, in. 
J polar a of inertia of shaft, in 
d = shaft dia., 


Then C can be a at by referring 
» Equation (7) from which 


c-Bs-(E)() a 


iad unit diameter. 
denotes the equivalent length, 
uniform shaft 


CG) G2)- Ga) 


. = l/d* 


is made and |, 


for a 


For a shaft which varies in sina 
between supports, it is necessary to find 
the equivalent lengths of the various 
sections and add them together to ob- 
tain the total equivalent length of a 
shaft of unit diameter, 

In the case of a shaft running at a 
speed different from the speed of the 
equivalent mass, it is necessary to find 
the equivalent torsional-rigidity con- 
stant C of the actual shaft at the equiv. 
alent speed. 


where 


C,. = equivalent torsional rigidity of shaft 
N = actual shaft speed 
N, = speed of equivalent mass 
C = actual torsional rigidity of shaft 
d. = equivalent dia. 


C equivalent = 
(speed of actual shaft)? 


-X C actual 
(speed of e juivalent mass)? 


or 
= (N/N,)? C B 
Since 
a-(7)() 4 
ford, = 2, C. = = 
(Ye ENC Gs) * 
then 


OGY > 


which is the equivalent length for 3 
shaft of unit diameter, at \, the equi 
alent mass speed. 

It is quite difficult to arrive at a 
equivalent shaft length for the crank 
shaft shown in Fig. 5. Several exatl 
formulas based on certain assumed Co? 
ditions have been worked out by Time 
shenko. A simplified empiric cal formula. 
as given by Carter (Engineering, Vol. 


126. July 13, 1928. p. 36) appears to b 
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Fig. 2—A simple torsion system consisting of a disk and shaft. Fig. 3——Slider crank or 
engine mechanism. Fig. 4—Method of reducing the mass of the engine connecting rod 


to a simple system 
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a 9—Dimension symbols on crankshaft used when applying Equation (17) in text. 
ig. 6—An equivalent diagram for a belt or chain drive 


satisfactory for normal conditions and 
will be used here. Using the dimensions. 
as given in Fig. 5, this formula can be 
expressed as follows if unit diameter is 
assumed for the equivalent shaft. 


-~A+08T7T 0.75B 15R 
le = pity . 
a as tom 


Other elastic members may be reduced 
to equivalent lengths by methods of 
W. K, Wilson (“Practical Solution of 
Torsional Vibration Problems”) or 
W. A. Tuplin (“Torsional Vibration”). 

An equivalent diagram for a belt or 
chain drive is shown in Fig. 6, in which 
the elt tension P represents only the 
effective pull. It is assumed that the 
slack-side tension does not influence the 
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problem since it supposedly puts a con- 
stant stress or energy into the system. 


Where 


A = area of belt 
Es = modulus of elasticity of belt 
E, = torsional modulus of shaft 


The energy stored in the belt will be 
given by 
P°L 
ian mts 
U= 0 ( (18) 
and in the shaft by 
_ Tl (PRL 
26.5 °° 28.7 


Equating these and solving 


E, J 
= e. — 90) 
i = 2 (+) (a) a 


U 





(19) 


For a shaft of unit diameter this reduces 


to 
1, = (37) (=) 1 91) 
324) \ Bs] - 


Caleulation of a Typical System 


A typical system such as the compres- 
sor unit shown in Fig. 1 and the data 
given in Table I will be used to illus- 
trate methods of calculating equivalent 
elasticities, masses, and finally critical 
speeds, 

Weight of the connecting rod must be 
divided according to Equations (6) and 
(7) into two weights at the wristpin and 
crankpin so that 


9 ‘ 
a, = 125,36 _ 2% 
18°" g g 
6 36 0«=—«:12 
M, = - = 
** is * g g 


Equivalent moment of inertia of the 
rod and piston is determined by Equa- 
tion (9) and becomes 


l?9. 
oy .. (12 + 108) | (43)? = 
g w% 


4.40 Ib. in sec. per sec. 


I, = 


Moment of inertia of the crank must 
be added to this quantity. If the moment 
of inertia of the main bearing journals 
is neglected, the remaining parts are 
the crankpin, crank webs, and the coun- 
terbalance. The 
moment of inertia of the crankpin about 
the axis of rotation is 


I, = 1/2 Mr? + M2? 
w (4.5)? , ., 0.283, 45)", a msl 
> - - e 3 “ 1 _ + ( 5 2 
4 X3xX——|5 ( 9 ) 4.5, 


= ().99 lb. in sec. per sec. 


expression for the 


Moment of inertia for the crankweb is 
I, = 
10 X 2X 6 X 0.283 [10° + 6 5 ons] 
g 12 


2.25? 
= 1.44 Ib. in sec. per sec. per web 





Moment of inertia of the counterbal- 
ance is determined in a similar man- 
ner and is found to be 0.8 lb. in. sec. 
per sec. per weight. The total moment 
of inertia concentrated at the crank is 
then equal to 9.8 lb. in. sec. per sec. 
approximately, 

Other mass elements in the system 
are the large pulley, the small pulley 
and the armature of the motor. Values 
are tabulated in Table I for the respec- 
tive moments of inertia. 

The elastic elements of the system are 
the motor shaft, the belt and the crank- 
shaft. The elastic length of the motor 
shaft is about 1034 in. and the dia. is 
15g in. so from Equation (12) the equiv- 
alent length for a unit diameter shaft is 


l. = (10 3/4)/(1 5/8)* = 1.55 in. 


Equivalent length of the belt for 6 
ft. centers can be found approximately 
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from Equation (21). The data presented 
in Fig. 7 was obtained from a belt test, 
they show that after the initial stretch 
is taken up the modulus of elasticity E, 
is 22,600 lb. per sq. in. for the rubber 
belt. 


72 _\ (12,000,000 
32 X 0.3 X 8) \ 22,640 


(=) = 62.5 in. 
5 


The equivalent length of the crank- 
shaft, Fig. 8 shows actual dimensions, 
between C and E is by Equation (17). 


2X 13+ 0.8 X 2 0.75 X 34 
bes — 34 ) aad 14 *)+ 
43 4} 


1.5 X 43 
2X 6 


Only half of this is effective in this 
problem so /,, equals 0.015 in. The 
equivalent lengths of shaft from E to F 
and F to G are given by Equation (12). 

les = (1 3/8)/(4 3/4)* = 0.008 in. 
lr = (7 5/8)/(2 3/4)4 = 0.133 in. 

Total equivalent length of shaft be- 
tween crank and large pulley is 


leg = 0.015+0.003+-0.133 =0.15 in. 


The difference in speed of the motor 
and the crank makes it necessary to 
correct the values of J or J for several 
elements. If the motor speed is chosen 
as a basic speed, the value of / for the 
large pulley is found by Equation (5). 


l, = 


= 0.031 in. 


TY < 140 = 10.8 lb. 


T equivalent = 


1,800 


in. sec. per sec. 
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Fig. 7—Test data for 4-ply rubber belt, 


1 in. wide by 0.23 in. thick. Permanent 
stretch at belt pull is 14 in. in 18 in. 
“E.” equals 22,640 


The value for the crank is indicated 
in Table I. The belt elasticity was based 
on the small pulley so it does not need 
to be corrected but the equivalent length 
of the crankshaft must be corrected 
according to Equation (16). 


= 0.15 (Se 
Jv 


These elements give a system like that 
shown in Fig. 9 which is equivalent to 


l = 1.94 in, 
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Fig. 8—Actual dimensions of compressor crankshaft and location of pulley 
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Pig. 9—Equivalent system used to find critical speeds of original compressor system 
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the original system. This equivalent gy 
tem may now be solved in the usud 
manner to determine the critical speai, 
Because of the great elasticity of 4, 
belt the system is approximately ay, 
mass system. The lowest critica] ‘ 
quency is calculated by using the y, 
mass equation which is found j in mos 
texts on the subject. 

y = 90 9{E.d* (hh +b) 4 

a 3rn E 





_ 60 \ 12,000,000 X 1 X (19.46-+9a, 
2r QV” 32 X 1946 X98 x05 E 
513 r.p.m. 7 

This speed is too close to the acty; a 
speed of the system, and the req) a 
would be greatly overstressed membex 
Two other critical speeds in this cae 
could be approximated by consideriy 
the crank mass and the large pulley ‘ 
one system and the armature and smal 
pulley as the second system. This ; 
reasonable since the large elasticity ( & 
the belt would almost eliminate th. 
effect of one end of the system upon th 
vibration of the masses on the other en 











Values of these two critical speeds ar 

60 | | x 12,000,000 (10.8 + 1 

2a 32 X 10.8 X 126 X19 
7,000 r.p.m. 


N= 


nv = g/t Xx 12,000,000 65 5 +33) _ 
2r Y 32 X 65> x 1.55 
5,620 r.p.m. 

These values are in all probability 
accurate enough considering the acei: 
racy of the original data. These appro 
imations can only be made when th 
masses in question act as a two mas 
system with a node between them. 

If a system were considered as : 
three mass system, that is. only thre 
masses have much effect on the systen 
as a whole, the equation for solvin: 
for the critical speeds is 

Ii [21s hh+h un 


wt — a 


aG Ci 
abet) e 24 (+h +]; = 0) 


where w is in radians per sec, Equatia 
(24) may easily be solved for w #? 
quadratic. 

Since the operating speed, 500 rp 
is very close to the fundamental itt 
quency of the system. some chang! 
should be made in the system. In mat! 
designs the speed may be changed. b 
cases where the speed must be mall 
tained, the mass or the elasticity * 
some element, or both must be chang? 
In the example, shortening the 
would raise the frequency and tht 
avoid the critical speed entirely. + 
heavier or lighter compressor pull 
could also be used with similar res! 
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ANGLES BETWEEN PLANES 


Simplified Graphical Method of Measurement 


HERBERT H. STEVENS, JR. 


The method presented here for determining true angles between planes 
that are oblique to the planes of conventional orthographic projections 
employs the “direction diagram” presented in July Propuct ENGINEER- 
ING, p. 392-4. The previous article explained the method for determining 
true angles between lines, one or both of which do not lie in any of the 
three planes of the orthographic projections. The following is a further 
development of the method explaining geometric constructions for deter- 
mining true angles between planes and also between any line and any 
plane. The July article will be a helpful reference in following the 
procedure and examples discussed in this complementary article. 


ROBLEMS in the determination 

of true angles between planes 

are encountered in the design of 
sheet metal structures, castings, bent 
tube and rod structures, and in piping 
layouts. In piping layouts compound 
angle measurement occurs when there 
are two or more bends not in the same 
plane. It is often as necessary to know 
the angle of twist between the planes 
of two bends as it is to know the angles 
for the bends themselves. 

The sheet metal hopper shown in 
Fig. 1 combines both of these prob- 
lems. The top and bottom rims are 
made of round bar stock bent to shape 
before assembly. The bottom rim lies in 
the plane of the floor and is simple to 
measure since the true angles are shown 
in the plan view. The top rim, however, 








Plan View 


FIG.1 




















Side View 





Fig. 1—Perspective sketch of hopper and 
conventional orthographic projections 
from which line directions are trans- 
ferred to the direction diagram 


is in more than one plane, therefore. 
the angles are not as easily measured. 

The preparatory step in constructing 
true angles between planes is to locate 
lines of intersection of the planes with 
the plane of the diagram. These lines 
of intersection are called “direction 
lines.” Figs. 2(4) and (B) shows two 
methods of obtaining these lines for 
the M and N sides of the hopper. The 
procedure employed in constructing 
Fig. 2(A) is identical to that described 
last month except that two plane inter- 
sections are shown instead of one. The 
direction diagram is assumed parallel 
with the elevation view of Fig. 1 and 
the side view is used in locating points 
at which two selected lines in each of 
the planes M and N intersect the plane 
of the diagram. In Fig. 2(A) these 
lines were arbitrarily chosen as the 
three edges of the sides M and N that 
intersect at the rim of the hopper. One 
of these lines is common to both planes. 
The intersection of the three lines may 
be assumed to be at a space point S 
always perpendicularly above the cen- 
ter of the circle. The position of this 
point in space was shown in a perspec- 
tive drawing last month. 

In Fig. 2(B) three lines intersecting 
at the base of the hopper in the eleva- 
tion and plan views are used to locate 
direction points in the two planes. This 





FIG.2 

















Fig. 2Two direction lines for immediate use are produced by different constructions at (A) and (B). At (C) are direction points 
and lines for all useful planes and their intersections 
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Fig. 3—Construction for the angle be- 
tween rim g and the N side of the hopper 
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Fig. 4— Construction for the most gen- 
eral case of an angle between two planes, 
M and N, oblique to all three ortho- 
graphic projections 


simplifies the construction somewhat 
because the plane C shown in the eleva- 
tion view of Fig. 1, is represented by 
the X—axis of the diagram. Still fur- 
ther simplification results in Fig. 2(C) 
by using intersections of the hopper 
sides M and N with sides A, B and C. 
The sides A, B and C are respectively 
represented by the plane of the direc- 
tion diagram, the Y and X axes. 
Direction points and lines represent- 
ing every line and plane of the hopper 
are shown in Fig. 2(C). It is often de- 
sirable to use a separate diagram such 
as this and to trace off desired points 
and lines as required for determination 
of various angles. The direction dia- 
gram method is presented here in small 
segments and numerous diagrams but 
it will be obvious that many of the 
constructions can be combined into one 
diagram as long as the multiplicity of 
lines does not confuse the draftsman. 
It is important to note with regard 


AAA 


to the theoretical basis of the method 
that regardless of the assumed location 
of the space point S, the location of the 
direction points and lines or of the in- 
tersections of lines and planes with the 
direction diagram is the same. Fig. 
2(C) shows this clearly. Throughout 
this article the direction diagram is 
assumed parallel with the elevation 
view of Fig. 1. However, as was shown 
in the previous article, the diagram 
can be assumed parallel to any of the 
three views of an orthographic projec- 
tion. 


Angle Between A Line and A 
Plane 


Measurement of the angle between 
an oblique line and an oblique plane 
may be illustrated with the top rim of 
the \ side of the hopper as the line and 
the M side of the hopper as the plane. 
The construction is shown in Fig. 3 





starting with N and M plane interge. 
tions taken from Fig. 2. The procedure 
is as follows: ; 

1. Draw line 7,0 perpendicular to y 
plane 

2. Draw line OS’ perpendicular jy 
T,O 

3. Draw S’T; 

4. Draw S’D, perpendicular to th 
line S’T, 

5. Draw D,D, intersecting M-plane a 

D, 
This line is the direction line of the 
plane of projection of rim line f jp 
the M plane. D, is the direction point 
of the projection of rim line f in the 
plane. 

The remaining steps in the solution 
are to determine the angle between J) 
and D,. two lines intersecting at the 
space point S. 

The procedure is the same as that 
given last month. Construction lines 
numbered 6 to 11 in Fig. 3 indicate the 























Fig. 5—Construction for determining angles between rims e and g and between rims 
g and f give degrees of bend. Fig. 2 (C) supplied starting lines. Fig. 6 Construction 
for measuring the twist or side angle between imaginary planes determined by rims 

and e and by rims g and f. Fig. 7—The angle between rims f and d is determined in 


this construction 

















——7<_o 





Fig. 8—-Construction for determining the twist or side angle between plan 


es deter: 


: : : ot oe fe 
mined by rims g and f and by rims d and f. A well-known means is used to ,or 
the point off the edge of the paper. Fig. 9—Construction for measuring the lengt 





rims { and g between centerlines of adjoining side rims 
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order of construction to determine 2, 
or a, the desired angle between a 
line and a plane. 


Angles Between Oblique Planes 


Measurement of the angle between 
two oblique planes is illustrated in Fig. 
4 using the M and N planes of the 
hopper. The procedure is as follows: 

1. Draw a line through D, and O. 

9. Draw a perpendicular to this line 
through O intersecting the circle at S’. 
3. Draw a line between D, and S’. 
The plane of the angle between the 
M and N planes must be perpendicular 
to this line, which is the line of inter- 
section of the planes swung down into 
the plane of the diagram. Therefore: 
4. Draw S’D, perpendicular to D.S’. 
5. Draw D,D’ perpendicular to D.D,. 
This line is the intersection of the 
plane of the desired angle with the 
plane of the diagram. Since this plane 
passes through S and the desired angle 
has its apex at S, this angle must be 
swung down into the plane of the dia- 

gram as follows: 

6. Lay off S’D, on D.D,, thus deter- 
mining point S”. 

7. Draw S’M’ and S”N’. 

The desired angle, 8, is an outside 
obtuse angle for reasons which may 
be obvious from an examination of 
Fig. 1. If the point S is assumed to be 
at the apex of the angle in the elevation 
view of Fig. 1, that is at any point in 
the line of intersection of the M and N 
sides of the hopper, the M plane will 
extend away from the plane of the 
direction diagram while the NV plane 
will extend toward this plane. The 
angle, therefore, must be measured 
between such extensions in the direc- 
tion diagram. 


Compound Angles 


In forming the top rim of the hopper 
from iron rod, since the four sides are 
not in the same plane, it is necessary 
to turn the rod on its axis in the bend- 


ing frame before making the second 
and third bends. The angle of twist 
between the bends and the angle of each 
bend must be determined. 

The first step is to locate the inter- 
sections of the rim lines and of the 
planes formed by each adjoining pair 
of rim lines with the plane of the direc- 
tion diagram. This is done in Fig. 2(C). 
The direction points are located first 
and then connected by lines. which 
are the intersections with the plane of 
the diagram of the planes formed by 
each adjoining pair of rim lines. The 
direction point of the 4 plane rim lies 
at infinity parallel with X axis since 
this rim is parallel with the plane of 
the diagram. 

Fig. 5 shows the determination of 
the angles 6, and 6, between the rims 
of sides B and M and sides M and N 
respectively. The procedure follows that 
previously described for measuring the 
angle between two lines. Numbers on 
the figure indicate the order in which 
construction lines were drawn. 

The first angle of twist. ¢,. is deter- 
mined in Fig. 6. This is the angle be- 
tween planes determined by the B and 
M rims and by the M and N rims and 
is, therefore, measured perpendicular 
to the M rim. The angle may be seen in 
the finished hopper rim by sighting 
along the rim of side M. Graphical de- 
termination of this twist angle follows 
the procedure outlined in this article 
for determining the angle between two 
planes. It is a special case because 
the plane of the B and M side rims 
passes through O. The order in which 
construction lines were drawn is indi- 
cated by the numbers on the figure. 

The third angle, 6;, to be bent in the 
hopper rim is shown in Fig. 7 using 
direction points and planes selected 
from Fig. 2(C) as before. The con- 
struction corresponds with Fig. 5 and 
the procedure is a special case of the 
measurement of angles between lines. 
Numbers on the figures again give the 
order of construction lines, following 


the procedure outlined last month. 

The second angle of twist, $,, is made 
before bending the rim for the corner 
of sides N and A. The construction, 
shown in Fig. 8, corresponds closely 
with that in Fig. 4, and the included 
numbers correspond with the numbered 
steps in the accompanying procedure 
for measuring angles between oblique 
planes. Figs. 5 to 9 are ordinarily com- 
bined into a single diagram by anyone 
familiar with the method. When only 
the end results are sought the maze of 
construction lines are not confusing. 


Hopper Rim Details 


The lengths of rim sides between 
intersections of their center lines are 
easily determined on the direction dia- 
gram but further discussion of the de- 
termination of lengths between the 
bends is beyond the scope of this article, 
since it depends upon the pitch radius 
of the bending wheel. True lengths of 
d and e, the rims of sides A and B, are 
shown in Fig. 1. Fig. 9 gives true 
lengths of f and g, the rims of sides 
V and N, using the procedure outlined 
last month. Fig. 10 is a sketch of a 
simple bending wheel as used on table 
tops of many machines that are used 
to bend and form tubes and pipes. 

Fabrication of the rim can be sim- 
plified by laying out a flat template 
like that in Fig. 11 on which the three 
angles to be bent are shown to scale. 
The supplements of the angles @ may 
be preferred by some. The template 
can be made on heavy paper. plywood 
or sheet metal. It need not be to full 
scale but should be large enough to lay 
the rim on to check the angles. The 
angle of twist between bends is indi- 
cated by the small circle diagrams. 
These show that the portion L. is twisted 
through an angle ¢, and L, through an 
angle g.. The direction of twist is indi- 
cated by whether the sloping leg of the 
angle is above or below the horizontal 
center line of the circle. 
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Fig. 10—Simplified 


forming. 
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sketch of bending wheel with rim rod clamped in place ready for 
Angle of twist in rim rod is also shown 





Fig. 11—Complete rim, shows true bend- 
ing angles and symbols for twist angles 
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EKTED FASTENINGS 


LTHOUGH it is a more or less 
accepted fact that the load dis- 
tribution in rivet and_ bolt 

groups under shear load is not uniform, 
little attempt has been made to deter- 
mine the true distribution because of 
the apparent complexity of the prob- 
lem. Actually. as will be shown here, 
a fairly accurate solution can be arrived 
at by consideration of relative deflec- 
tions. With a knowledge of the strain 
characteristics in the attaching plates, 
both due to bearing at and direct stress 
between the bolt holes, it is possible to 
set up deflection relations leading to a 
series of simultaneous equations. These 
equations are in such form that they 
are readily solved by the process of suc- 
cessive substitution. 

The method used is premised on the 


446 


EZRA C. POSNER 


Lockheed Aircraft Corporation 


A method, based on relative deflections, is developed for determinin: 


load distribution in rivet and bolt groups under shear and torsion loats 


Results are independent of the rivet or bolt size and solely a function ¢ 


the fitting pattern and deflection characteristics of the material. fs 


amples indicate that the maximum load in a 12 bolt attachment may kt 


as high as 242 percent of the average. 


In all cases, the maximum leat: 


occurred in the end bolts and the minimum in the center. Fittings 


dissimilar materials subjected to temperature changes are also analyze 


fact that. for plate thicknesses less than 
the diameter of the attaching bolts (or 
rivets), the bearing deflection of the 
fitting is appreciably greater than the 
shear deflection of the bolts. Further- 
more, the relative bearing deformation 
is a function of the bearing stress, fol- 
lowing a straight-line relationship sim- 
ilar to the stress-strain curve below the 


elastic limit. The ratio of bearing 
flection to bearing stress is called t 
bearing modulus, Ep. in analogy te M 
modulus of elasticity, E. The ratio" 
Ep to E comes out approximately 2 
percent for Duralumin. Tests to detr 
mine this ratio for other materials (2 
be readily made. 

Tests have been made of the bearit! 
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acteristics of pins in aluminum al- 
sheet for the purpose of determining 
MIlowable bearing stress values. (See 
ests of Aluminum Alloy Sheet to 
srmine Allowable Bearing Values, 
4ir Corps Information Circular, Vol. 
VIL No. 691. July 10, 1934.) Incidental 
? these tests. it is found that there is 
straight-line relationship between unit 
Searing stress and unit bearing deflec- 
ior up to approximately two-thirds of 
he allowable bearing value. The unit 
hearing deflection is defined as the ratio 
Sof deflection to pin diameter. Fig. 1 
S shows the general relationship. In the 
range of sizes tested, sheets 0.015 to 
£9,050 in. thick and =: to ¥s-in. diameter 
‘pins, this figure is applicable. It is 
‘probable that it would also be appli- 
cable to tests of thicker sheets and 
Jarger pins. The slope of the straight- 
‘Tine portion of this characteristic curve, 
‘defined as Ep, is approximately 2,700.- 
000 Ib. per sq.in. for aluminum, or 27 
percent of the modulus of elasticity E. 
In the absence of tests on other mate- 
Trials, such as steel, the same ratio of 
'Ep to E is assumed here. 

With R the bolt load, d the bolt di- 
ameter, t the plate thickness, 6 the bear- 
ing deflection, the relation between bear- 
ing stress and strain, based on the re- 
Mationship that unit bearing pressure 
‘equals the bearing modulus times the 
‘unit bearing deflection, is expressed 
'as follows: 
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It is significant that the diameter can- 
cels out of both sides of this equation, 
' making the bearing deflection a func- 
i tion of the load and plate gage only. 
This fact affects the final results in that 
it makes the load distribution independ- 
ent of bolt diameter. 








leterminin: Development of General 
rsion loads Equation 
function ¢! 


The general equation developed here 
will be applicable to any joint regard- 
less of the number of transverse rows 
of rivets. In Fig. 2 a longitudinal sec- 
tion through two bolts of consecutive 
transverse rows is shown. These rows 
are designated n and n+1 respectively. 
This presupposes that there are n—1 
tows to the left of row n. The total in- 
crement in distance between consecu- 
tive rows is the sum of the direct elas- 
lie strain on the plate plus the differ- 
ence in bearing deflection around the 
bolt holes. The total increment in pitch 
for each plate is equated to obtain a 
general expression for the load in each 
bolt in row n+1 in terms of the load 
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Bearing Stress -1,000 Lb, Per Sq. ln. 














Maximum 
60 allowable 
| Stress 
40 
20 
‘re oe 


Elongation of Rivet Hole -% of Hole Dia 











Fig. 1—Relationship between unit bear- 
ing stress and elongation of the rivet 
hole in aluminum alloy sheets 


for each bolt in the nth row. All bolts 
in any one transverse row will have 
identical loads, this following from the 
assumption that all sections perpen- 
dicular to the direction of the applied 
stress remain plane. 


A= 


average cross-sectional area of the 
solid plates between transverse rows 
and in a plane perpendicular to the 
line of action of the load 


t = plate thickness at the bolt or rivet 
5 = bearing deflection 
A = strain in plate between transverse 
loads 

Characters without a prime mark in- 
dicate reference to lower plate; char- 
acters that are primed indicate refer- 
ence to upper plate. Subscripts n, n+1, 
and n—1 indicate reference to the rivet 
row of that number 

E = modulus of elasticity 

Es 

Es 

Assuming that the pitch distances in 
the upper and lower plates remain 
equal to each other, that is, that the 
axes of the rivets remain perpendicular 
to the plane of the plates, and p, the 
original pitch distance being the same 
for both upper and lower plate, from 
Fig. 2 we get: 


= bearing modulus 
= shear modulus 


pL = pt 
PtA +H, — Hur =ptAt 
bnai — Sn (2) 


Applying Equation (1) 








































The derivation of the general equa- = . py 1 ’ 
‘ a e ‘ ‘ On Onn1 = (Ra — Rai) - (3) 
tion is based upon the relationships in- U Es 
dicated in Fig. 2. The following nota- , _ Unit stress X length 
tions will be used: Elastic modulus 
n = number of the transverse row A’ = (5,"" R + mR,) ( Fa) (4) 
m = number of bolts in the nth row A'E 
R, = load on each bolt in the nth row Similarly 
~i"R = sum of all bolt loads in rows 1 to n 1 . 
inclusive 6n41 — 6, = (Raai — R,) ( TE -) (5) 
. oe 4B 

L = total load on fitting or joint L-2Z-“AR—«mR . 

p = pitch distance between adjacent A= (- — : *) E (6. 
transverse rows when no load is on 2 ae 
fitting After cancelling p on both sides of 

pi = pitch distance under load Equation (2) and substituting the val- 
Upper 
“plat 
plate 
Lower 
plate 
n- n+] 
ZR aoe 
"VLA ri =: pa ne ——_ 
= SSL \ oo 
L-E,""'R NES i Ravi L-Z,"*'R 
‘emememmanas P\--------- * 
Row Row 
n n+) 











Fig. 2—Longitudinal section through two 


bolts or rivets of consecutive transverse 


rows, indicating the relationships upon which the general equation is based 
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Fig. 3—In this simple joint, both plates are of aluminum. The ratio of maximum load 


on any one rivet to average load per rivet is 136 percent 
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Fig. 4 In this arrangement of a 6-rivet joint, the load is distributed among the rivets 
more nearly uniformly than in the design of joint shown in Fig. 3. Here the maximum 
rivet load is only 115 percent of the average load per rivet 


ues given in Equations (3) to (6) in- 
clusive; 


(at R + mR) (25) + (Re - Rod 


(tm) 


= (L — =,""', R — mR.,) (45) + 


i al Rs) (+) 
B 





Let 
— > «# 
A'E -- AE . 
1 ; _—_ 
7a" * 7" 
Then 


(21" 7 R + mR.) K’ + (Ra — Rays) C’ 
=(L— "1 R—mR,) K + (Ray 
— Ra) Cc (7) 
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Rearranging Equation (4) so that 
R,,.. is expressed in terms of R,, 
(C’+C)Raus = [m(K’+ K) + C’+C] Ro+ 

(K’+ K) 2" 1R-—LK 


aac ae 
Rasi= mp +1) Rt 
K +K’ i LK 
————— Bf semen (8) 
(Ste iis c+o 8&8 


In Equation (8) quantities C, C’, K, 
K’, and L are constants for any given 
joint being analyzed. To further sim- 
plify the calculations, the value of L 
is taken as being unity, that is, L = 1. 
The solution of Equation (8) gives the 
relative load in any two consecutive 
rows of bolts or rivets and by the suc- 
cessive application of this equation. the 
relative loads on each bolt in the joint 
can be determined. Where the rivet 





pattern is symmetrical. the work js 


greatly simplified. K’- 
As an example of the application of 
Equation (8), in Fig. 3 is shown the (’ = 


design of a simple joint, the two ele. 











“nm 
ments joined being both aluminum, — 
t=?t'’=t b=b'’ =)h oh 
SUD: 
K+K «4-2 « 243 
* ABT WE ~ et ig 
‘ 
b 1 
Hence 
2 
K eerie, 
+s tE 
ae 1 ) 
eee a Sea ¥ 
jf = 
E, = 0.27 E | 
, 2 how 
C+C = tar rivet 
K+K’ 2xX0.27tE one 
C+C ~ x2 rivet 
= 0.27 4 sume 
K_ _ px 027 jim 
Cc 2 btE tions 
0.27 _ 
= 2 = 0.135 ’ = | 
Rz = 1.27 R; — 0.135 ie 
Rs = 1.27 Rs + 0.27 Ri — 0.135 y' 
= 1.27 (1.27 R,—0.135) +0.27 R,-0.135 
= 1.61 R,; — 0.171 + 0.27 R, — 0.135 
= 1.88 R; — 0.306 
Summarizing: 
tt = 1.00 R, 
R, = 1.27 Ri ~~ 0.135 ig = 
R = 1.88 R; — 0.306 
SyR=415R-04 —B 4 
By symmetry c 
R, = Re, R. = R;, Rs = R, 


Hence half the load L is carried by 
R,+R.+R;, and for a unit load of 
L = 1, we have 

=3R = 0.500 


Hence 
4.15 R; — 0.441 = 0.500 
0.941 
Ri = 4.15 = 0).227 lb. 
R; = 1.27 R, — 0.135 = 0.153 lb. 
R; = 1.88 R, — 0.306 = 0.120 lb. 


Average load on the three bolts i 
0.500 divided by 3 or 0.167 Ib. Max: 
mum load on any one bolt is the load 
on R,. or 0.227 Ib. 


i ‘ 997 
Maximum load _ 0.227 = 136 percent 


Average load _—0..167 


Another 6-rivet joint is shown in Fig 
4 with the rivets arranged differently. 





Using the same procedure as in the 
first example 
D 
t=t b=b £=1 
b 
By symmetry 
R, = R, R; = Re 
— — 
5p ke 3B 
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a 1.167 
KR+K=— 5 

- 20 
C=aCH3 (C+) - Oo 
R+E 016 =“, = 0.068 
TLC 0.16 +e 


Substituting in Equation (8) 


R. = 1.16 Ri — 0.068 


R, + 2R2 = 3.32R; — 0.136 = 0.500 
R, = 0.192 lb. 
Rz = 0.154 tb. 
Sites teed tao ~ 0.287 Be. 


3 


Maximum load _ 1.192 on 
Average load 0.167 115 percent 


As a third example, it will be shown 
how increasing the number of rows of 
rivets increases the ratio of the load on 
one rivet to the average load on the 
rivets. For the example it will be as- 
sumed that 12 rivets were used in the 
joint shown in Fig. 3, all other condi- 
tions remaining the same. 


t=t b’ = b ; ar 


By symmetry, 





R == Ria, Rg = R, 
R: = Ru, R; = Rs, 
R3 = Rio Re = R; 
K’+K 1 
K'=K - . 
2 tE 
age te sf 
— 2  ~ 0271E 
K'+K K 
————=- == 9 = 
C 0.27 +e 0.135 


R, = 1.00 R, 
Rz = 1.27 R; — 0.135 
R; = 1.27 R. +027 R, — 0.135 
Rs = 1.27 Rs + 0.27(2.27R: —0.135) — 0.135 
Rs = 1.27 Ry + 0.27(4.15R: — 0.441) —9.135 
Re = 1.27 R; + 0.27(7.15R: — 1.000) —0.135 

R, = 1.00 Ri 

Rz = 1.27 R; — 0.135 

Rs = 1.88 Ri — 0.306 

Ry = 3.00 R, — 0.559 

R; = 4.94 R, — 0.964 

Re = 8.19 Ri — 1.628 

2°,R = 20.27 Ri — 3.592 = .500 

R, = 0.202 Ib. Ry = 0.047 Ib. 
Re = 0.121 Ib. Rs = 0.031 lb. 
R3 = 0.073 lb. Re = 0.026 lb. 


Maximum load 0.202 


Average load 0.0833 242 percent 








Dissimilar Materials 


For dissimilar materials, the solution 
of Equation (8) follows the same pro- 
cedure. It is merely necessary to use 
the ratios of the moduli of the respective 
materials. For example, assume that in 
Fig. 3 the upper plate is steel, subscript 
s, and the lower one is Dural subscript 
d, the ratio of their modulus of elastic 
being 


Ea 

a = 0:38 
fut Vet Ze 

b 
oe — 9 
s- tE, tE 
et. 
(1/E, + 1/Ea) 


Co a 
tHE», O.27tE. 
1 1 
‘= tEz, 0.27 tEa 
K’ , 
ea es QR 
C+C 
= we 
— a : 
C’+C — (1/0.27t) (1/E. + 1/E.) 
___ 9.27 
~ (Ba/E) +1 
0.27 
= 1333 = 0-202 
Rs = 1.27 Re + 0.27R; — 0.202 
Rs = 1.27 R; + 0.27 (2.27R; — 0.202) —.202 
Rs = 1.27 Ry + 0.27 (4.15R; — 0.661) —.202 
Rs = 1.27 R; + 0.27 (7.15R; — 1.501)— .202 


Ri = 1.00 R, 

Rz = 1.27 Ri — 0.202 

R; = 1.88 Ri — 0.459 

R, = 3.00 R; — 0.840 

Rs = 4.93 R; — 1.447 

Rs = 8.19 Ri — 2.446 

1.000 = 20.27 R: — 5.394 

Rs = 0.105 lb. 
Rs = 0.108 lb. 
Rs = 0.140 lb. 


Il 


ll 


R, = 0.315 lb. 
Rz = 0.198 lb. 
R; = 0.134 lb. 


Maximum load _ 0.315 _ 189 percent 
Average load 0.167 


Bolt Groups in Torsion 


The general theory for bolt groups 
subject to torsion is now developed. All 
sections radiating from the center of 
torsion are assumed to remain plane 
and hence the bearing deformation is 





Typical riveted and bolted aircraft construction in a P-38 Lockheed Lightning 
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Snti _ Trai (9) 
Sn Th 
(R/Est)ne: me, 





(R/ Egt)y ~ Tp 


Rnsi 








aonet y tn+i_ (40) 
Rn Th tn 
For uniform gage: 

Rn+r — Snes 

Rn . (11) 








Fig. 5—The centroid is the center of 
gravity of all the bolt loads due to direct 
shear loads, as indicated in this diagram 
and the equations given with it 


proportional to the distance from the 
centroid. For uniform plate thickness, 
the bolt loads become proportional to 
the radius from the center of torsion, 
regardless of the bolt size. 

There is some question as to how the 
centroid of the bolt group (center of 
torsion) is determined. By definition, 
the centroid is the center of gravity of 
all the bolt loads due to a direct shear 
load, as indicated in Fig. 5. It is then 
necessary to first solve the various bolt 
loads by means of Equation (8) and 
then determine the center of gravity of 
these loads. This will not necessarily 
be equal to the center of gravity of the 
bolt areas, since the bolt loads have 
been proved to be independent of the 
bolt size. 


Bolt Groups Subject to 
Temperature Change 


Fittings subject to temperature change 
develop bolt loads and internal stresses 
depending on the expansion character- 
istics of the attaching plates. The equa- 
tion for temperature effect is developed 
from the general relationship of Equa- 
tion (7). In this case, the external 
load L is zero, but the change in pitch 
distance has an additional term in- 
cluded, p26, the expansion due to tem- 
perature change, where @ is the temper- 
ature change and a is the thermal 
coefficient of linear expansion. If in 
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Equation (7) the Z is made equal to 
zero and the expansion due to a tem- 
perature change of 6 is added, a’ being 
the coefficient of expansion for the ma- 
terial of the upper plate and a that for 
the lower plate, we get: 


(2." 1 R + mR.) K’ + (Ra — Ray) C’ + 
pa’@ = (— 2," +R — mR.) K + (Rai — 





R.) C + pa (12) 
_ (mK + K’) ) K + K’ 
aaa — ( C + Cc’ a 1 Re + C + C’ 
s n-1 _ pe —_ F a (13) 

“1 R+ C+ Cc’ (a a) (13) 


As an example, assume a joint as in 
Fig. 3 with upper plate of Dural and 
lower plate steel. 
=t, b'=b, p/b=1 
By symmetry Rs = Ri, R; = Re, Rg 
K + K’ = (1/t) (1/E. + 1/E,) 
C+ C’ = (1/0.27t) (1/E.2 + 1/E£.) 

(1/0.27tH 2) (1 + Ea/E:) 

a oe x = 0.27 water = 0.202 tK« 
aa—a,=13X10*-—7X10*=6xX 

10 ~® per deg. F. 


Rs 


a _ j= 90? 7 
C+0! (aa — as) p 8 (0.202 t 10°) 
(6 X 10 -*) = 1.21pt0 

Ri = 1.00 R, 


Re = 1.27 R, + 12.1 pio 

R; = 1.27R2 + Ri + 12.1 pte 

1.61 R, + 15.4 pto + 0.27 Ry + 12.1 pio 
Ry = 1.27 Ry + 0.27 (2.27R; + 12.1 pt) + 


Il 


12.1 pté 
R, = 1.00 R, 
Rs; = 1.88 R, + 27.5 pté 
Rs = 3.00 R, + 50.3 pte 
Ry — Rs = 0 
1.12 R, + 22.8 pia = 0 
R, = — 20.4 pte 
R, = — 13.8 pté 
R; = — 10.9 pté 
x3R = — 45.1 pte 


Maximum stress = 45.1 pt0/bt 
= 45.1 lb./sq. in./deg. F. 


Accuracy 


The basis for the theory developed 
here is the straight-line relationship be- 
tween stress and strain, both for bear- 
ing around the bolt holes and direct 
stress in the plates. If the straight-line 
portion of either curve is exceeded, then 
the values of E and Eg used are no 
longer correct. The extent of error 





from this source is, of course, depend. 
ent on the amount the elastic limit jg 
exceeded. When approaching ultimate 
loads, some redistribution probably o¢. 
curs tending to relieve the stresses in 
the highly loaded bolts. It should be 
borne in mind that this type of erro 
exists in all elastic problems of rely. 
tive deflections carried beyond the pro- 
portional limit. 

The assumption that the shear de. 
flection of the bolts is negligible com. 
pared to the bearing deflection of the 
plates is proved by reference to Fig, 7, 
The shear deflection 6s and bearing de. 
flection 6g are compared for a lap joint, 


5,— —Pt/2 

8 Esxr@/4 
Rd 

Oe” etd 


bs 2 Es 

és « @ Es 
Assuming that Eg = 0.27E and Es= 
0.4E, the ratio of deflections comes out 
0.43 (t/d)*. It is apparent from this 
relation that the relative importance of 
the shear deformation recedes rapidly 
as the plate thickness, t, becomes 
smaller than the bolt diameter, d. Ac. 
tually, the shear deformation will be 
much smaller than indicated by Fig, 7 
since the centers of pressure on the two 
plates tend to approach each other as 
the bolt deflects in shear. 

In connection with these examples, 
it is interesting to note that, in the ex 
treme case where the bearing deforma- 
tion is neglected in comparison with the 
direct strain in the plates, all the load 
is taken by the end bolts. On the con- 
trary, when the direct strain is neglected 
in comparison with the bearing deflec- 
tions, the load is uniformly divided 
among all the bolts. 
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Fig. 7—From this diagram it is evident 
that the shear deflection of the bolts as 
compared to the bearing deflection is 
a negligible factor in these calculations 
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Fig. 6—In developing the equations for the effects of temperature change, the external 
load L is zero, and the bearing pressures have the relationships as indicated 
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ae engthwise ofrod--*) 


View of wide face of cracked 
rectangular section side rod 





Line of blacksmith weld 





Craek in this locomotive side rod was 
result of improper salvaging method. 
Worn end of old rod had been cut off 
and replaced by a new end. Fatigue 
crack started at thin end of scarf of 
blacksmith weld and a failure was well 
on the way when the rod was with- 


drawn from service. Etched section 
through crack shows that same grade 
of steel was not used for new end; this 
was partly the cause for poor weld. 
Cases have been reported where new 
steel ends have been welded to old iron 
rods. In these cases the steel may be 
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Root fitting for a laminated wood 
cantilever spar was designed with 10 
vertical bolts to carry the bending 
moment. Failure occurred in the spar 
between bolts 1 and 2, and 1 and 3 as 
indicated. The first thought was to add 
more bolts, but a rational analysis re- 
vealed the cause of the failure to be 
shear transfer, Cure was to omit bolts 
1, 4, and 5 thus allowing the tension 
stress to be carried directly to the rear 
bolts, With a 7-bolt pattern the spar 
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carried a 35 percent higher load than 
with the 10 bolt pattern. In wood de- 
sign it is important to remember that 
the shear strength is approximately 10 
percent of the bending strength while 
in metal the shear strength is approxi- 


mately 50 percent of the bending 
strength. (Editors Note—How to 





analyze loads in riveted or bolted groups 
is explained by Ezra C. Posner of Lock- 
heed Aircraft Corporation in an article 
in this issue.) 


burned and a nucleus for fatigue cracks 
is made right at the start of service. 
Where salvaging is desired, a butt weld 
done with resistance welding equip- 
ment is recommended. Even this type of 
weld may have defects in which fatigue 
cracks may be started. 


TABLET FORMING MACHINES of the 
rotary type, designed especially to com- 
press starch into tablets in continuous 
production, all stalled shortly after 16 
hr. Punches and dies had become gum- 
med up with gelatinized starch. After 
cleaning up, one of the machines was 
run under test. Temperature of the 
steel around the dies was found to 
rise steadily to about 165 deg. after 15 
hr., at which temperature the starch be- 
gan to gelatinize. Sources of heat were 
bearing friction, friction in dies and 
punches, and heat generated in the 
starch while compressing it into tablets. 
Satisfactory cure was to reduce bearing 
friction by switching to a lighter grade 
of lubricating oil, and to dissipate heat 
by training a large fan on the battery 
of tablet machines. A few months later, 
packaging machines were installed 
close to each of the tablet forming 
machines, and the breezes set up by 
the fast-moving pieces of cardboard 
permitted removal of the cooling fan. 


PRODUCT ENGINEERING will 
of $3 for each example published in Causes 
and Cures. Where illustrations are necessary, in- 
clude drawings, rough sketches or photographs. 
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Fig. 1—Free driving throw of cam slotted striker is produced by 
eccentric stud roller during contact between points A and B of 
slot. This accelerates striker beyond tangential speed of roller 
for an instant before being picked up for return stroke 
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Striker assembly and spline shaft 
reciprocate in housing 


Fig. 2—Centrifugal force of two oppositely rotating weights throw 
striker assembly of this Master hammer. Power connection is 
maintained by sliding splined shaft. Guide, not shown, prevents 
rotation of the striker assembly 
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THE APPLICATION of controlled impact forces can | 


be 








as practical in specialized stationary machinery as im 
in the portable electric hammers shown here, Sy¢} riV 
mechanisms have been employed in vibrating co. fe 
crete forms, in nailing machines and other special - 
machinery. In portable hammers they are efficien; ne 
for 
Piss * 
By | F1iG.3 gE 
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. reciprocating sleeve in cylinder 


Full Floating striker actuated 














Y ; Ay by magnetic flex plus varying 
\ \ or pressure in reciprocating 
\ cylinder 
HS __- 7oo/ : 
Fig. 3—Striker has no mechanical connection with 


reciprocating drive in this Speedway hammer 


Air exhaust vents 


‘ 


! Jdler keeps ram from 












Too/ hammering when tool 
shank -- < shank is not in chuck 

Vacuum causes return 
Air cushron- stroke of striker 
arinnoags 7--Piston 
piston and , _Airexhaust duct 
striker : 


Crank and 


Cylinder sleeve connecting 


for piston and ran 


Spring absorbs recoil | 
energy of ram 


es : a : ic and . 
Fig. 4—Combination of mechanical, pneumatic © Fig, 
spring action is used in this Van Dorn hammer for > 
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HAMMER MECHANISMS 


m drilling. chiseling, digging. chipping. tamping. 
riveting and similar operations where quick concen- 
trated blows are required. Striker mechanisms illus- 
trated are operated by means of springs, cams, mag- 
netic force, air and vacuum chambers, and centrifugal 
force. Drawings show only striking mechanism. 


Alternately 
energized electromagnets 
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FIG.5 


Fig. 5—Two electromagnets operate the Syntron ham- 
mer. Weight of blows may be controlled by varying 
electric current in coils or timing current reversals 
by air gap adjustment of the contacts 


Lhdbdddsdddddda 


VK 


SDP 
6 


AwLLLILLLLD 


Shs 


—Y +t 


zie we 


- 


Rocker arm 
returns striker 


yor! VY Y 
\F AYN 
WILLE. SIN 


2 


wy 
QO) Si 


baud 
ASS SSS S 
LLL sp fee , 


SS 











— a 
1 








nnn 
WUUU! 


lagna 


i—— J 
eS 


y 


4 6—Spring operated hammer with cam and rocker 
or return stroke has screw adjustment of blow 
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Fig. 7-Spring operated Milwaukee hammer employs shaft rotat- 
ing in female cam to return striker 
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Fig. 8-—Spring operated hammer with two fixed rotating barrel 
cams which return striker by means of two rollers on opposite 
sides of the striker sleeve. Auxiliary springs prevent striker from 
hitting the retaining cylinder. Means of rotating the tool, not 
shown, are also incorporated in this hammer 
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Fig. 9 -Two steel balls rotated in a divided cylinder and steered 
by an edge cam develop centrifugal force to strike blows against 
tool holder. Collar is held clear of hammer by compression spring 
when no tool is in holder. A second spring cushions blows when 
motor is running but tool is not held against work 


453 











A B 


Cc D 






E F 6 


CONTACTS for CORD SETS 


How They Were Improved by Research 


Appliance Engineer, Westinghouse Electric & Mfg. 


E. 0. MORTON 


A comprehensive survey among users of cord sets established the points 


of weakness in their design. The author then gives a detailed analysis of 
the major faults revealed and their causes, the tests undertaken to find 
methods and materials to remedy the defects, and briefly describe an im- 
proved design that was developed. Considerable information on the rela- 
tive qualities of different contact materials tested is included. 


ORE THAN A DECADE AGO 

a large group of power com- 

panies decided to sponsor a 
comprehensive survey among their cus- 
tomers to ferret out the causes of cord 
set failures. The objective was to make 
recommendations to manufacturers of 
cord sets on the basis of which they 
could improve the quality of the com- 
ponent parts of the cord sets and hence 
make the assembled unit more durable 
and serviceable. Thereby troubles with 
cord sets in use by the customers would 
be reduced, the customers’ appliances 
would be out of use less frequently and 
power sales would increase. 

When the findings of the survey were 
tabulated it was found that more than 
75 percent of all cord set failures were 
in the appliance plug or within six 
inches of it. The balance of the failures 
were mainly in the attachment plug. 
caused mostly by the lack of a suitable 
finger grip to eliminate pulling on the 
cord to disengage the plug from the 
wall receptable. With reference to both 
attachment plugs and appliance plugs, 
it was found that the molded plug 
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body was frequently broken. often 
through abuse. The survey of heater 
cords showed them to be of a wide 
variety of constructions but most of 
them poor from the standpoint of flex- 
ing endurance. 

As a result of the recommendations 
made on the basis of this survey by 
the power companies, and the analysis 
of the causes of failures as revealed 
by the survey, manufacturers were en- 
abled to develop highly improved de- 
signs of cord sets. Although perfection 
has not been reached, today any reputa- 
ble manufacturer can supply cord sets 
of high quality. 

It was relatively easy to determine 
the causes of failures in cord sets, but 
it was not so easy to overcome them. 
The wide range and extreme conditions 
of temperature and humidity under 
which cord sets must operate and the 
abuse to which they are subjected 
makes the problem of designing cord 
sets a difficult one. But in spite of all 
this great improvements were made 
and the cord set troubles that. still 
persist are relatively minor. As _ re- 


Company 


vealed by the survey. the five major 
troubles found in cord sets most fre. 
quently, are summarized together with 
their causes, as follows: 

1. Motpep Ptiuc Boptes. The hot and 
cold molded plastic material used 
lacked sufficient heat and_ shock re. 
sistance. Breakage was frequent. 

2. ELectricaL Contacts. Most of the 
troubles at this point may be attrib 
uted to oxidation, corrosion, or loss of 
contact pressure, the contact material 
losing its spring qualities when over 
stressed at the temperatures to which 
it is subjected. These conditions result 
in high contact resistance followed by 
burning and pitting of the contact sur 
faces. 

3. TERMINAL CONNECTIONS. Loosening 
of terminal screws caused by temper 
ture changes (vibration) and _pulling 
on the cord have always been a majot 
source of trouble. 

1. Strain ReEvier. Inadequate Pre 
vision for preventing pulls on the cord 
from being transmitted to the terminal 
connections has been the cause of mal 
open circuits and short circuits within 
appliance plugs. 

5. Corp Guarp. A common failure W* 
broken strands within the cord at the 
exit from the plug. To avoid such 3 
failure the cord guard must cause the 
cord to flex in a gradually taper 
arc. If the guard is too flexible, the 
cord conductors will fail at the plig 
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Fig. 1-Condition of various contact materials after removal from make-and-break testing machine. (A) Copper-nickel-zinc alloy in 
contact with copper-aluminum alloy pins. Approximately 30,000 cycles. (B) Yellow brass in contact with nickel-plated Chapman- 
ized steel pins. (C) Red brass in contact with nickel-plated Chapmanized steel pins, 40,560 cycles. (D) 18 percent nickel 
silver in contact with nickel-plated Chapmanized steel pins, 26,000 cycles. (E) Phosphor bronze in contact with nickel-plated Chap- 
manized steel pins. (F) Cadmium bronze in contact with nickel-plated Chapmanized steel pins, 28,800 cycles. (G) Commercial 
bronze in contact with plated Chapmanized steel pins, 30,360 cycles. 


Fig. 2—Typical appliance plug contact jaws in present-day use. (A) Heavily silver-surfaced Monel. Good but costly. Also made 
in plated steel for some applications. (B) Silver-surfaced copper or copper alloy current carrying part with a spring steel blade for 
obtaining contact pressure. Also made without silver-surfacing. (C) Steel contact jaws with a thin silver plating. This plug has 
an external assembly spring clip which assists in supplying contact pressure. (D) Brass contact with spring steel blade. Construction 








similar to (B). (E) Steel contact jaws, with apparently a thin cadmium plating. 
(F) Copper plated steel jaws with connection to cord riveted instead of using terminal screws 


body; if it is too stiff, they will fail at 
the end of the guard. Poorly designed 
cord guards are still quite prevalent in 
spite of the fact that it is one of the 
easiest problems to solve. 


Steps in Development 


In the development of efficient de- 
signs of cord sets to perform satisfac- 
torily in given applications, the problem 
resolves itself into six principal steps 
as follows: 

1. Determine the more severe oper- 
ating conditions that are likely to be 
encountered. 

2. Work out a design of the com- 
ponent parts of the appliance plug, in- 
corporating any special features that 
might contribute to overcoming the 
five main sources of trouble mentioned 
previously. 

3. Select one or more materials that 
seem to have possibilities for each part. 
Consideration of cost should be second- 
ary until suitable materials have been 
found. 

4. Select a good quality cord and 
attachment plug, if to be purchased 
outside, 

3. Make up samples and set up a 
series of laboratory tests to prove the 
design and weed out unsuitable mate- 
rials, 

6. Make any changes in design or 
materials that may seem desirable; 
re-run laboratory tests and supplement 
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with field service tests as a final check 
on the design and materials used. 

The development procedure is illus- 
trated in the design of a cord set 
for use on rectangular domestic roast- 
ers and broiler hotplates. From past 
experiences it was known what might 
be expected in the way of atmospheric 
conditions such as relative humidity 
and temperature in various sections of 
the country. The maximum operating 
temperatures of a 1650-watt roaster- 
broiler hotplate were given the main 
consideration in the development of a 
suitable appliance plug. Continuous 
operation revealed maximum tempera- 
tures of the order of 520 deg. F. at the 
terminal end of the molded material, 
230 deg. F. at the cord guard end of 
the molded material, and 150 deg. F. 
at the end of the rubber sleeve cord 
guard. Following are the desirable prop- 
erties in the materials for each part. 


Materials Specifications 


Piuc Bopy. The general requirements 
for a suitable material for this purpose 
are shown in the following: 

1. It must be a good electrical in- 
sulator, under dry and humid condi- 
tions, so as not to become a possible 
source of electric shock to the user. 

2. It should be a poor thermal con- 
ductor so it can be handled without 
burning the user’s fingers. 

3. It should not be too brittle, that 


Rust showing through although never used. 


is, it must be able to withstand re- 
peated dropping without breakage. 

4. It should have good strength that 
will not deteriorate excessively under 
operating conditions. 

5. It must not warp or shrink exces- 
sively under operating conditions. 

6. It must be reasonably attractive 
in appearance. 

As mentioned previously, the known 

available materials most suitable for 
these requirements, are limited to cer- 
tain types of hot and cold-molded plas- 
tics. Although leaving something yet 
to be desired, previous experience in- 
dicates that, for long periods of serv- 
ice, heat-resisting cold-molded plastics 
best serve the purpose for these variable 
and severe conditions over a _ long 
period. 
Contact MATERIAL, To meet the oper- 
ating conditions mentioned above, and 
for a rating of 15 amp., 125 volts, the 
contact material should have the fol- 
lowing qualities: 

1. Good electrical conductivity 

2. Good wearing qualities 

3. Resistance to oxidation and cor- 
rosion under the various atmospheric 
and temperature conditions encoun- 
tered. 


Contact Materials Tested 
Complete information and physical 


data are not readily available for most 
materials at elevated temperatures and 
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subject to special conditions. Therefore 
it was considered advisable to make 
comparative tests on a large number of 
materials as shown in the following 
list: 

1. Yellow brass 

2. Red brass 

3. Nickel-plated red brass 

4. Silver-surfaced Monel 

5. Phosphor bronze 

6. Copper-nickel-zine alloy. (Ambrac 
No. 850) 
75 percent copper 

5 percent zinc 
20 percent nickel 
Cadmium bronze 
1 percent cadmium 


8. Commercial bronze 
5 percent zinc 
9. Nickel-brass 
18 percent nickel 
Excepting materials No. 4 and 6 
above, all were tested in combination 
with nickel-plated. Chapmanized (case- 
hardened), cold-rolled steel terminal 
pins; the silver-surfaced Monel was 
tested with Monel terminal pins while 
the No. 6 material was tested with cop- 
per-aluminum (Avialite No. 915, 9.5 


percent aluminum) terminal pins. 
In the final selection of the contact 
material, principal importance was at- 


tached to the results of a “make” and 
“break” test wherein the terminal pins 
were mounted in a “floating” terminal 
block externally heated to a tempera- 
ture of about 500 deg. F. The plug 
was mounted on a motor-driven, cam- 
actuated movable carriage making four 
cycles per minute, during each cycle 
the plug was “on” 12 sec. and “off” 3 
sec. The plugs were connected to a 


non-inductive load and suitable con- 
nections were provided so that the 
millivolt drop across each contact 


could be measured periodically. Since 
the tests consumed considerable time, 
they were arbitrarily stopped (except 
in a few cases) at 30,000 cycles, or 
when the millivolt drop across either 
contact reached 500 mv. To eliminate 
the effects of variations in contact pres- 
sure. means were provided for obtain- 
ing uniform contact pressure in most 
of the tests for comparing contact mate- 
rials. 

The accompanying table shows re- 
sults obtained on these materials. From 
these test results it is obvious that No. 
3, 4, and 6 are highly satisfactory. It 
has been said that the most satisfactory 
material for a given application is one 
that satisfies the condition of use at the 
lowest manufacturing cost. On this 
basis, nickel-plated red brass gets the 





Fig. 3—Roaster plug redesigned by Westinghouse engineers to avoid defects revealed 
in survey. Open view shows disposition of cord and contacts within plug, and cutaway 
view shows spring action when terminal pins are inserted. The plug halves are held 


together by riveting 
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‘green light” for use as a contay 
material. 


Recent tests with nickel-plated gy 
contacts and carbon steel  contay 
springs indicate that these materia) 
would give reasonably satisfactory gery. 
ice and could be used as a substitu 
material. As might be expected, th 
potential drop across the contacts yj 
be somewhat higher, and it will be di 
ficult to met the requirements of Un. 
derwriters’ Laboratories in this respect 
However, the Laboratories have bee 
cooperating with manufacturers pj 
the Government by relaxing some 4 
their requirements pertaining pring. 
pally to convenience, efficiency, or |if. 
of the device. It is not expected tha 
they will. or should relax any requir. 


ments pertaining to safety or fir 
hazard but the materials situation 
compels some changes in quality 
standards. 


Silver is apparently still available 
so that silver-plated or silver-clad sted 
contacts could also be used with rea. 
sonably satisfactory results. In fact, j 
would be expected that a fairly heay 
silver-clad steel contact should be prac. 
tically as good as any of the mate 
rials reported in this article. 
CONTACT SprRING. Since this part in the 
redesigned cord set is not intended to 
carry electric current, good conductiy. 
ity is not essential. It must, however, 
be sufficiently elastic and maintain 
good spring qualities at the specified 
temperatures. For this purpose a spring 
temper 18-8 stainless steel was selected. 
After forming, the springs are aged al 
600 deg. F. for a short time to reduce 
possibilities of distortion under stres 
at the temperatures encountered it 
operation, 


Miscellaneous Tests 


The efficacy of the spot-welded con 
nections was determined by tests o 
the “make” and “break” test machine 
and also on the “whip” test which cor- 
sisted of mounting the test specimen 
on terminal pins in a chamber mait 
tained at a temperature of about Sil 
deg. F. Holes through the wall allowed 
about half of the plug to extend ott 
side in order to give a temperatile 
gradient similar to that obtained 
actual use. The cords, about 20 1 
long, were carried upward and attache 
(allowing 1 in. slack) to an oscillating 
bar having a 6-in. travel and timed # 
180 oscillations per min. Weights 0! 
0.5 oz. were attached to each cord, L 
in. down from the bar. in order to 
crease the whipping action and obtail 
maximum flexing at the welded connet 
tions within the plug body. The spe 
mens were connected to a 15 amp. 2 
inductive electrical load and suitabl 
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Tabulated Results of ‘““Make’”’ and “Break”’ Tests 






























































ated stes! ss | T ° ° , | 
steel ; . erminal Pin Range of Test ; 
Contact No. Contact Material | Material a Cveles Remarks and Observations 

Materia): i — 
tory sery. 1 | Yellow Brass | Nickel-plated Chap- 5, 000-13 , 000 Burning and oxidation evident, wear not excessive, 
substity, | manized C.R.S. considered fairly satisfactory. Nickel plating would 
otal he | | | undoubtedly improve performance. 
tacts wil 9 | Red Brass Nickel-plated Chap- 11, 000—41 , 000 | Some oxidation, little burning, wear not excessive, 
ill be di manized C.R.S. considered satisfactory. 

a3 | Aa = . . y 

ts of Up. 3 | Nickel-plated Red | Nickel-plated Chap- Over 83,000 In view of satisfactory performance of unplated 
S respect | Brass | manized C.RS. (One test) contacts, only one test was made with plated con- 
ave heen | tacts. No oxidation, little burning, little wear. 
a en | | Considered a decided improvement over unplated 
ers and : | | contacts. 

some of — ; : “ : 
& princi. fo 4 | Silver-surfaced Monel Monel Over 41,000 Previously used in production with satisfactory 
nd a i (One test) | results. Monel pins have tendency to gall. 
79 lle a Te . . . . 
cted tha 5 | Phosphor Bronze Nickel-plated Chap- 5.000-10, 000 | Excessive oxidation and burning, in some cases 
y require fi | manized C.R.S. | worn completely through. Not satisfactory for 

tf 4 | | this application. 

0 Te ——" - — 

situation | Copper-Nickel-Zinc Copper-Aluminum Over 30,000 | Very satisfactory, little oxidation, burning or wear, 

1. PI | : : . —— 

quality [ie | Mv. drop increased only slightly during test. 

a 7 | Cadmium Bronze Nickel-plated Chap- | 20, 000-29 , 000 Poor wearing qualities for this application, some 
available [ee manized C.R.S. | contacts worn completely through, excessive oxida- 
clad ste! Me | tion. Plating would probably improve this ma- 
with ree a. 

n fact. it fe 8 | Commercial Bronze Nickel-plated Chap- Over 30,000 Voltage drop high, excessive wear and oxidation. 
rly heaw F: manized C.R.S. Some worn completely through. Not as good as 
| 's red brass. Plating would probably improve this 
; e prac: Re | material. 
he mae # ——| > : | 
A 9 | Nickel-Brass Nickel-plated Chap- 11,000-27 , 000 | Contrary to expectations, results unsatisfactory, 
 . manized C.R.S. | excessive wear and oxidation. Probably a harder 
art in the | temper would have given better results. 
tended to 
-onductiy- NOTE: It should be remembered that in the design tested, it was not necessary that the contact material have spring temper. In 
however designs where the contact materials also supply contact pressure, special consideration must be given to that feature in the selection of 
nai ' asuitable material. Samples (A) and (F) in Fig. 2 are of this type. 
specified FP 
-a spring J connections permitted periodic meas- eliminate all internal heating that would but it is not widely used, probably be- 
: selected, = urements of the millivolt drop across tend to destroy the spring temper. The cause the common type of plug design 
ep aged al ff each welded connection. Although the springs are placed within the molded with “floating” contacts permits exces- 
to reduce [& heat was on continuously, the bar was plug body but carry no electric current sive flexing, resulting in broken strands 
ler stres J oscillated only for certain periods each except possibly for an instant at each at the welds. 
tered in & day. After two weeks there was no “make” and “break” of the circuit, The third feature of design is the 
change in resistance at the welds and which is not harmful. Any burning or strain relief which consists of two mat- 

' inspection showed no broken strands. pitting that might possibly occur does ing pin-like projections of the molded 
ts ' The machine had operated 730,000 not destroy any vital contact surface, body which pass between the conductors 
\ded cycles, giving a total of nearly one and and the duration of current carrying behind a wrapping of glass thread. Cot- 
ded con: a half million flexings of each specimen. is too short to cause appreciable in- ton thread is not suitable because of 
a - Miscellaneous other tests including ternal heating. On the other hand, there the high temperatures involved. 

Ree those of Underwriters’ Laboratories and is the advantage that whatever pitting The cord guard is a 4-in. tapered 
oe field service tests. all contributed to occurs comes on the spring surfaces rubber sleeve which effectively pre- 
ae the final design. and not on current-carrying contact vents sharp bends in the cord. 
ve i The spot-welded connections within surfaces. The shapes of the contact and The basic procedure followed in the 
tall of the plug and the riveted assembly of contact spring were worked out so that development of improved cord sets is 
wet 77 te! : : a. 
ee " the plug halves preclude the possibil- the cavities in both plug halves are applicable in principle to the redesign 
oul ; . e ° : . . . r 
gen ity of home repairs, the majority of identical, thus saving the cost of one of practically all other products. The 
ies 5 which are believed to be unsatisfac- set of molds. data given on the properties of contact 
“" . tory. On the other hand. it is felt that A second feature of the new design materials also apply to the materials 
1 bee under all reasonable conditions of use of heater plug is the spot welding of used for switch contacts. Likewise, the 
pe and even normal abuse. this cord set the stranded cord conductors to the principle of divorcing the spring ele- 
a 4 : will give a reasonable period of service plug contacts, thus eliminating screw ment from the contact element has 
an r without the need of repairs or replace- or riveted connections. For this type many other possible applications. But 
ons 0 . . ° . 
aad , ments, of connection to be durable depends of most importance is the fact that in 
hin . upon having a minimum of movement every design development program, re- 
r pron Special Design Features of the cord or contacts that will cause gardless of how simple the device might 
, nal Perth flexing of the cord at the connection. be, a comprehensive procedure similar 
; ‘§ a é he aps the most important feature In this new design, the contacts fit to that outlined above, must be followed 
1e wt " . e design of the new plug is the snugly in the plug cavities and the cord if satisfactory results are to be expected. 
—— * ation of the contact pressure springs is also firmly gripped to reduce flexing There is no substitute for facts estab- 
su om the electric circuit in order to to a minimum. Spot welding is not new, lished by tests and investigations. 
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IMPACT VIBRATIONS — I 


Isolating Their Effects in Machinery Foundations 


LEON M. DEKANSKI 


Mechanical Engineer 


An analysis of the physical principles and properties of materials upon 


which are based the engineering calculations used in the design of energy 
dampening installations and foundations for machines, such as hammers 
and punch presses which in operation are subjected to impact forces. 


ROVISION of proper founda- 

tions for modern machinery, the 

speeds and forces of which are 
ever being increased, is a matter of im- 
portance that is not always fully real- 
ized. Machinery builders have too often 
forgotten that functionally no machine 
can be considered as an isolated sys- 
tem; that is, as a dynamical configura- 
tion of forces loosely floating in the air. 
On the other hand, the men responsible 
for the installation do not always have 
the specialized knowledge to design 
foundations. 

It is important that engineers fully 
understand all the dynamical implica- 
tions of the fact that each machine and 
the soil on which it is installed, com- 
prising all the surrounding structures 
form a closely interconnected system 
that reacts as a whole to any disturbing 
forces. 

This interconnection in the form of 
vibrations, shocks and interfering elas- 
tic waves can seriously impair the 
smoothness of the operation of the ma- 
chine since vibration increases wear of 
bearings and power consumption, re- 
duces the efficiency of the machine and 
generally decreases the life of the whole 
installation. Also lack of provisions to 
absorb undamped energy can so reflect 
upon the surroundings of the machine 
as to provoke vibrations and shocks 
harmful to other nearby machines and 
structures. 

The vibration elimination problem is 
extremely complex, and because of the 
brevity of space, this article does not 
attempt to present a complete treatment 
here; the engineer should regard it 
merely as a guide and refer to it for 
purposes of orientation in his further 
studies. It will be shown how this type 
of problem takes on a special aspect 
essentially different from that of a 
steady state or sustained vibration as is 
present in rotating machinery. The in- 
fluence of damping in a single impact 
oscillation will be specifically shown. 
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The elements of the problem are illus- 
trated in Fig. 1 for a “single degree of 
freedom” vibrating system composed of 
mass M, resilient element K and an en- 
ergy dissipating device C. The shaded 
section of the figure represents the solid 
soil. As a mathematical abstraction, the 
“solid soil” here is a “second mass” 
(infinitely great) of the system. 

If a disturbing force of varying na- 
ture is applied to the mass M, the 
system will enter into a state of oscil- 
lation, the nature of which will de- 
pend upon two groups of values of en- 
tirely different characters, and, inde- 
pendent of each other. One of these 
groups will contain the factors char- 
acterizing the type of the disturbing 
force, while the other will contain only 
the physical properties of the vibrat- 
ing system, which is M, K and C in 
this problem. If the disturbing force 
is of a periodic type, the motion of M 
will also be a periodic of the same 
frequency as the force. If such force 
acts continuously for a certain time, 
the mass will perform uniformly re- 
peating cycles of oscillations; this con- 
dition is called a “steady state.” 





FIG.1 F-Impact force 
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Fig. 1—Single degree of freedom vibrat- 
ing system with dashpot device for dissi- 
pating energy 


If it is assumed that the disturbins 
force does not act continuously but 
only for a short time \¢t, during whic) 
the spring is compressed and then 
left undisturbed, the mass will they 
enter into a state of oscillation thy 
will gradually decay and finally gj 
out under the action of the enern 
dissipating element C. This type of . 
tion is called “transient” state, | 
will occur at a frequency designed q 
“natural frequency” of the syste 
which is determined only by the char. 
acteristics of the system itself, 

Obviously the problem as illustrates 
by Fig. 1 belongs to the latter type: 
while the foundation of such machines 
as internal combustion engines and 
turbines belongs to the steady state 


Dynamical Stability 


Under dynamical stability is con 
sidered the configuration of the forces 
acting during the impact regardles 
of the oscillatory phenomena. With 
reference to the conditions as show 
in Fig. 2, assume that the impact 
forces F act along the elastic axis Xi 
of the springs, which axis also passes 
through the center of gravity G of the 
system composed of the complete han 
mer plus its foundation. By elasti 
axis is meant the line of action of the 
resultant of elastic forces of the re 
storing element. Where a continuow 
elastic medium is used, such as 4 
layer of cork or rubber, the elasti 
axis passes through its centroid, 
whereas if springs are used the aus 
would pass through the elastic center 
of the spring system. The condition 
are quite different for a case as show 
in Fig. 3, where the force F, the els 
tic reaction R, and the center of gra’ 
ity G are not coaxial. Here a tilting 
moment 7 will be created during the 
impact with consequent impairment 
stability. This illustration, therefore 
shows how not to build hammer fow 
dations. 


Elasticity 
For all practical purposes Hook: 


law is exact for helical springs. Fo 
rubber and cork Hook’s law may * 
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sufficiently valid within 


considered 
small values of unit stress. Within a 
wide range of stresses and strains, most 
of the organic isolating materials such 
as rubber. cork and felt behave as 
typical non-linear elements. All have 


stress-deflection ratios that follow 
curved lines, which in the case of rub- 
ber usually presents its convex side 
towards the stress axis. Incidentally 
it is of interest to mention that this 
type of restoring element creates a non- 
harmonic vibration lacking the res- 
onance feature in its common sense 
and, therefore, may be advantageously 
used in structures to absorb energy and 
eliminate vibration. 

The elastic properties of the mate- 
rials are characterized by the “elastic 
constant,” also called spring constant 
k which by definition is the force needed 
to produce a unit deformation. The 
constant has the dimension “force/ 
length.” In the domain of Hook’s law 
the spring constant is independent of 
stress and strain. 

For a flat plate type of material of 
area A and thickness H, where E is the 
modulus of elasticity of the material, 
the spring constant is 

k= H 

The deflection s of a flat plate type 

element under a load P is 


P _ PH 
pa ne ee (1) 
k EA 
When load is expressed in terms of 
unit area as P;, a spring constant per 
unit volume should be used thus 





Table I—Working Values for Static and Dynamic Modulus 
of Elasticity 




















Static Dynamic 
Material Modulus E, Load, Dynamic Modulus FE, 
kg. per sq. cm. kg. per kg. per sq. cm. 
sq. cm. 
Natural Cork 50-70 0.43 10.4 
L. 114. 
2. 145. 
3. Lid. 
4. 250. 
Compressed Cork 50 1 150. Processed Cork, 
compressed at 35 to 
176 kg. per sq. cm. 
Processed Cork, 2. 236. 
compressed at 
200 kg. per 
sq. cm. 
3 330 
Wool Felt, 1. 126. 
(Data from American 2. 264. 
Felt Company) Z. 140. 
Steel Felt 800 
Rubber ! 
Durometer 410 200 210-275 
Durometer 50 270 300-390 
Durometer 60 380 420-580 

















The shear modulus for rubber is approx. 28.6 percent of the static modulus. 


1 Rough 


average values. Wide variations will be found in different classes of material. 





In many works on vibration proper- 
ties of materials the term “dynamic 
modulus” is used. This is a character- 
istic property of materials determined 
from vibration tests. While the gen- 
erally used or static modulus of elas- 
ticity E, is determined from deflection 
tests with slowly increasing load, the 
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Fig. 2—System composed of complete hammer plus its foundation. Elastic axis passes 
ough centroid of continuous elastic damping medium. Fig. 3— Tilting movement will 


be created when the elastic reaction of the damping medium and the center of gravity 


of the hammer are not coaxial 
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with oscillatory loads, varying in in- 
tensity at a high speed. Strictly speak- 
ing only the dynamic modulus should 
be used in the determination of natural 
frequencies involved in problems with 
which this article is concerned. 
Unfortunately, reliable complete 
data of dynamic modulus for such 
materials as cork, wool felt and steel 
felt are not yet available. It was found 
that, especially in organic materials, 
the dynamic modulus is not a constant; 
it is a function of frequency, amplitude 
and the mean value of the load, fur- 
thermore, it usually is larger than the 
static modulus. This discrepancy is 
comparatively very small for steel, 
whereas for organic isolating materials 
and at high frequencies E, can reach 
values several times larger than &£,. 
Some data for rubber may be found in 
literature on this subject (“Some 
Dynamic Properties of Rubber,” C. O. 
Harris, Transactions, A.S.M.E., 1941). 
As a rough approximation, for 40 to 50 
durometer stock, E, may be taken as 
10 to 20 percent larger than E,. In 
Table I are listed working values for 
E, and E, for natural and compressed 
cork, wool and steel felt, and rubber. 
Sound or acoustic isolation is a 
property of materials closely connected 
with damping capacity and_ specific 
sound velocity. In this respect rubber 
will show better results than steel 
spring, since generally rubber is suit- 
able for isolation of high ‘frequencies 
with small amplitudes. A recent devel- 
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opment which combines a series of 
steel springs and rubber pads _ has 


given excellent results. 
Metallic Springs 


Steel springs are economically suit- 
able where large deflections of foun- 
dation are required; they maintain 
their elastic property for an indefinite 
time; and their spring constant can be 


calculated more precisely than for 
cork, felt and rubber. Coil springs 
are commonly used, however, many 
foundations built with leaf springs 


have given satisfactory service. 

Straight carbon (S.A.E. X-1065, and 
1075 up to 1095) as well as silicoman- 
ganese (S.A.E. 9255 and 9260) have 
been used with equal success with unit 
loads up to 80 percent of their endur- 
ance limit which is about 70,000 Ib. 
per sq.in. in the heat-treated “as rolled” 
conditions. 

If the feature of “unlimited life” as 
determined by the endurance limit is 
not required, the design stress assumed 
can be much higher, especially if pro- 
vision is made for easy replacement of 
spings in the event of breakage. 
Stresses up to 90,000 lb. per sq.in. 
have been used under favorable con- 
ditions, however, this should be con- 
sidered as a rather exceptionally high 
limit. 


Dissipative Forces 


The vibration of actual systems is 
affected by dissipative forces of vari- 
ous kinds, which may arise from a 
number of sources and vary according 





Table 1l—Logarithmic Decrement 5 for Various Materials 





Frequency Logarithmic 

















Material cycles per decrement 
sec. 8 
. © - Se en 
Reinforced concrete slabs and plates, average. . . i3.5 0. 16-0. 28 
Mixture of fine and coarse sand, dry........... 15-25 0. 15-100 
Ma eet ten titi cucamu muh eiita eta ratios 0. 02-0.03 
+ + . . . ‘ — —— 
Note: For rubber, damping capacity y is 0.3 to 0.8 (pure number) 
a 


to different laws, those of dry and fluid- 
friction representing the limits from 
a formal mathematical viewpoint. 

The various sources of energy dissi- 
pation in the dashpot C in Fig. 1 may 
be specified as: 

1. Coulomb friction, which mainly 
occurs between dry or poorly lubri- 
cated surfaces. It may be caused by 
foundation guides, spring mountings, 
interleaf friction if leaf springs are 
used, or extraneous objects which may 
jam between the foundation block and 
foundation chamber. Where p is the 
coefhcient of friction depending upon 
the nature of surfaces and independent 
of the relative velocity of the surfaces, 
W pressure acting between surfaces, 
and F is the force necessary to main- 
tain motion is 

F=yuWw (2) 

2. Hydrodynamic friction, which 
occurs when fluids pass through ori- 
fices or when solids move within fluids. 
A characteristic example of this type of 
friction is a widely used damping dash- 
pot as shown in Fig. 4 or that shown in 
Fig. 5 with an adjustment valve. Where 
K is a constant factor depending upon 
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Fig. 4—Elements in typical dashpot that dampens energy by means of hydro-dynamic 
friction. Fig. 5—Dashpot with piping arrangement to by-pass fluid flow around piston. 
Rate of flow in by-pass is regulated by adjustment valve 
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the viscosity of liquid and constry. 
tional form of the device where the 
friction occurs, Vis velocity of the 
liquid, and n is a characteristic gy. 
ponent which may acquire differen; 
values between 1 and 2. From the prin- 
ciples of hydrodynamics the fluid fri. 
tion force can be expressed as 

F =K Vy" 3 

As has been experimentally show, 
the law of fluid friction presents a dix 
continuity corresponding to the trans. 
tion from the laminar (where n js 
about 1) to the turbulent (where n js 
about 2) state as indicated in Fig. 6. 
This circumstance makes an_ exact 
analytical evaluation of dissipation 
considerably difficult’ since, for ey. 
ample, for a dashpot the value of p, 
as shown in Fig. 6, would change 
according to the change of state dur. 
ing each quarter cycle. 

Velocity square proportional damp- 
ing has been mathematically treated 
by several methods. one of which. 
suitable for obtaining approximate 
solutions, is based on the assumption 
of equivalent energy dissipation per 
cycle, whereby a “normalized” velocity- 
proportional coefficient can be calev- 
lated and then used in the formule 
tion of viscous damping (Timoshenko 
“Vibration Problems in Engineering’). 
Incidentally this method may also be 
used for treatment of cases where 2 
plurality of different types of damping 
is simultaneously present. So, for ex 
ample if, as shown in Fig. 6, OAE is 
the work dissipated in the first part 0! 
a cycle when the friction follows the 
law F equals KV*, and EABD is the 
work done in the turbulent rang 
where F equals KV", then the arti 
OCD represents the equivalent diss 
pation characterized by a normalize 
velocity-proportional coefficient. 

A particular type of fluid frictio 
expressed by Equation (3) is the vs 
cous friction for which n equals | # 
the equation. The validity of this relt 
tion can be assumed to be accuralt 
only for slow (laminar) : 
liquids and for friction between We 
lubricated surfaces; —_ unfortunatel 
these conditions can hardly be applitt 
to foundation damping devices. _ 

Generally speaking, in the majotl 


motion 0! 
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Fig. 6—Transition from laminar to turbu- 
lent state of fluid flow in dashpot 


of cases the assumption of velocity 
proportional damping is the least justi- 
fed by actual experiment, neverthe- 
less this hypothesis is the most widely 
used in vibration technique, it being 
the only mathematical formulation of 
energy dissipation which allows an 
exact and simple analytical treatment. 


Internal Friction 


It has been shown by experiments 
that all materials when stressed absorb 
and transform in heat a certain part 
of the energy used to produce a de- 
formation in them. This type of damp- 
ing which occurs in any kind of springs 
or isolating materials like rubber and 
cork, is according to Kimball (“7 rans- 
actions, A.S.M.E., 1929) defined as 
“elastic hysteresis,” or “solid friction.” 

While the damping in helical steel 
springs is so small that it can be 
neglected in most applications, the 
solid friction of non-metallic isolating 
materials reaches definite values which 
can be put to use in vibration isolation. 

A simple complete and accurate de- 
scription of internal hysteresis forces 
has not as yet been made. The hystere- 
sis dissipation of materials is usually 
presented as over-all loss for complete 
cycle and is determined experimentally 
as a function of the maximum stress 
occurring during the vibratory defor- 
mation. 

This can be illustrated by Fig. 7 
which represents an idealized test rec- 
ord of damping properties of a mate- 
tial subjected by a testing machine 
to an alternating load. ABC is the 
loading and CDA the unloading curve. 
According to this way of representation 
the damping capacity ¥ is equal to the 
loop area ABCD (solid friction loss). 
divided by the absolute energy input 
area X,ABCX.. It has been shown 

Y actual tests. however, that for no 
material is the loop form exactly ellip- 
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tical as in Fig. 7, but this assumption 
of elliptical loop (as shown by Kimball 
Transactions A.S.M.E. 1929, and Vibra- 
tion Prevention in Engineering, 1932) 
settles the mathematical difficulties to a 
large extent and provides the possi- 
bility of calculating the energy losses 
in a simple analytical form. 

The general way of representing the 
damping property of a vibrating sys- 
tem is by means of the logarithmic 
decrement 8 which is a dimensionless 
value independent of the type of 
damping used. 

By definition 


— 5 = log — 
that is, logarithmic decrement § is a 
natural logarithm of the ratio of two 
subsequent amplitudes Y, and Y,.. of 
a decaying vibration. 

The damping properties of materials 
are usually indicated by the damping 
capacity ~ which, as has been ex- 
plained, is a dimensionless unit equal 
to the ratio of the energy dissipated 
by the solid friction AV’ of the material 
to the maximum energy input VW’ during 
a deformation cycle. The damping 
properties of the material used as an 
elastic element and the vibration char- 
acteristics of the system can be con- 
nected by the equation in which e is 
the Napierian base 2.7182 

= - 8 , ae 
y=l-e -1-(=- = (5) 

From energy relations in a vibrating 
system with velocity proportional damp- 
ing is obtained an equation in which 
D is the quantity characterizing the 
damping properties of a given system, 
c is a friction coefficient, and p, is the 
undamped frequency of the system 


: c 
= 9 + 7 a 
6 = 27 D in which D = IM p. 


From which is obtained the equation 
gol—e"* (6) 


From Equation (6) the effect of a 
given material on the properties of a 
given vibrating system can immediately 
be found. 

Average values of wy are given in 
Table II. This table was compiled from 
the incomplete experimental data avail- 
able in several sources. 


Disturbing Force 


The theory of impact is quite com- 
plicated. Research on the nature of 
this phenomena has kept physicists and 
mathematicians busy for many years, 
still many questions have not as yet 
been definitely cleared. It has been 
discovered that an impact usually pro- 
ceeds as a series of collisions repeated 





at high speed. The number and form 
of such collisions depend upon the 
proportion of elastic and plastic prop- 
erties of the colliding bodies, as well 
as the wave motions within the bodies, 
which are always present during the 
impact. However, in this analysis the 
exchange of energy between the ham- 
mer and the anvil will be considered as 
a singular process wherein the force 
and time relation may be expressed by 
some kind of normalized function. (See 
Zener, Journal, A.S.M.E. June, 1939.) 
It will be assumed also that immedi- 
ately after the impact the mass of the 
hammer remains attached to the mass 
of the anvil, which in turn is rigidly 
fixed to the foundation. Under such 
conditions the kinetic energy of the 
foundation E, immediately after the 
impact can be expressed by an equa- 
tion in which 


E,, = kinetic energy of the hammer 
M,;= mass of the anvil plus foundation 


M,= mass of the hammer 
M = M; a M, 
n = restitution coefficient 
M,M a 
E,;= E, ee) ata) (4) 


On the other hand the kinetic energy 
expression gives 


= 
— 

‘ 
ro 


E,;= 2 (8) 








From Equations (7) and (8) the 
initial velocity V, of M after the im- 
pact is found to be 


; l+o\ ——_~ 
V.= a V2 B. M; M, (9) 


| Editors Note—Part II of this article, 
which will be presented in the Septem- 
ber P.E., will describe the general solu- 
tion of the motion equation, and from 
the data enumerated in this Part I of 
the article will proceed with the devel- 
opment of a solution of the motion of 
the foundation. | 
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Fig. 7—Ideal test curve of damping prop- 
erties of a material subjected to an alter- 
nating load 
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SLEEVE BEARINGS — IV 


Factors That Govern Their Design and Performance 


BRUNO SACHS 


Technical Director, Johnson Bronze Company 


This concluding installment in the series, presented in the past three 
issues of PRopUCT ENGINEERING, discusses some of the factors which 
should determine what the length of bearings should be in proportion 
to their diameter as influenced by clearance, temperature rise, required 
oil viscosity, stability, running-in and conformability properties. 


HE ANSWER to the question so 

often asked as to the most “favor- 

able” ratio of bearing length to 
diameter cannot be generalized, how- 
ever, in most designs this ratio lies 
between 0.75 and 2. By taking into 
account a few considerations for any 
specific application, definite conclusions 
can be derived. 

First, assume the r.p.m. and the out- 
side load to be constant and that the 
ratio //d will vary in a manner such 
that the amount of projected bearing 
area remains constant, that is / times d 
equals a constant, which means that p is 
constant. 

Second, a criterion must be estab- 
lished, whereby the “favorability” of 
various ratios of l,'d can be compared; 
and that this criterion is different de- 
pending upon what the designer is 
after and also upon the operating condi- 
tions. 

As a start, assume that two bearings 
with the same surface roughness are 
equivalent in performance if their oil 
film thickness is the same, that is, both 
will run with the same safety factor 
against surface touching. 

The main characteristics of four 1/d 
ratios, namely, 0.75, 1, 1.5 and 2, are 
listed in Table V for a bearing problem 
with a load arrangement as shown 
in Fig. 9 (June, P.E.) in which 


L = 12 in. D=14 in. 
Surface roughness = 13 

Oil film thickness = 260 micro-inches 
Safety factor = 2 

According to the assumption, the per- 
formances of these four bearings are 
equivalent from the viewpoint of safety 
factor of the oil film against surface 
peak touching. From other viewpoints, 
however, this is not true. 

The shorter the bearing, the smaller 
can and should be the clearance, see 
Table V. For //d equal to 0.75 the 
minimum clearance is c equals 0.0009 
and c/d equals 0.0008. The coefficient 
of friction f and the other characteristics 
in Table V are obtained from Fig. 16 
for this clearance. If the clearance is 
increased for this //d ratio, it can be 
seen from Fig. 16 that with the same 
film thickness the coefficient of friction 
and the necessary viscosity will become 
higher, thereby increasing the tempera- 
ture. 

Hence, if this bearing is for a high 
precision application which requires a 
small clearance from a mechanical view- 
point, a shorter bearing is more favor- 
able. 

If on the other hand, machining or 
assembly tolerances cannot be held 
close enough to secure the small clear- 
ance, or if the bearing material has a 
high anti-disturbance value which re- 
quires a larger clearance, then a longer 


as given in Table V, the shorter hearin», 


are less favorable than the longer on. 


For other numerical values of p, n a 


d, the temperature rise might become: 
high that the smaller //d ratios are gy 


When the oils available and the oy. 
side temperature under which the hex, 
ings work are examined other consider. 
tions become evident. The required yx 
cosity values in Table V refer to ty 
viscosity at the actual working temper: 


ture. For a room temperature of 


deg. F., the actual working temper. 


tures for the various //d ratios are ]4{ 


135, 126 and 120 deg. F. for //d equ : 
to 0.75, 1, 1.5 and 2, respectively. Tab}: 
V also notes the oils which have th 


required viscosity at these temperature 


If, for instance, the bearing works jy 
a very cold atmosphere, the oils mus 


be correspondingly lighter in order | 


possess the required viscosities at the 
working temperatures, and this mighi 
exclude a small //d ratio. The opposit: 


that is, exclusion of large 1/d ratio 
might be true if the bearing works i 
hot atmospheric conditions. 


Another related consideration is th 


stability of the running conditions. 3 
this is meant the reaction of the oil film 
thickness and of the coefficient of fri: 
tion if the value of \/Zn/p differs fron 
the theoretically calculated value. The 
longer bearings with the larger clear 
ance are more stable and less sensitive 
that means the oil film thickness drop 
less should \/Zn/p become smaller; « 
if \/Zn/p becomes bigger. the coeflcies 
of friction increases slower with th 
longer bearings than it would with tik 
shorter bearings having the smal 
clearance. On the other hand, th 
shorter bearing with the smaller clea 





















































p = 200 n = 1,100 bearing is more favorable. 
lxd=1 a = 6 in. If one considers the temperature rise ance will carry the bearing farther im! 
Table V—Analysis Data For Assumed Bearing Problem 
_ Opera- 
1 h } i Z Fric- A 
xd ri he A - “ Micro- 7 f vZn/p |Centi-| tion | ATT Pe Oil 
j : F ' inches} ¢ poises | work * D re 
eg. F.t 
1 0.75] 1.158] 0.868} 0.0009} 0.0008} 260) 225} 0.0033} 7.5 | 10.2] 220] 84 144 Lighter than S.A-E-l! 
] 1 1 1 0.001 | 0.001 260] 260) 0.0033 8.2 2.2 190 75 135 Lighter than S.A.E-l! 
1 1.5 | 0.82 | 1.22 | 0.0012) 0.0015 260) 315) 0.0034 9.8 17.4 160 66 126 S.A.E.-10 Lower Rast 
1 | 2 10.711 1.411 0.00141 0.002 | 2601 365! 0.00371 11.7 | 24.91 1501 60 120 | S.A.E.-10 Upper Rast 
* Ft. lb. per sq. in. of projected area. } For non-ventilated bearing. t Room temperature 60 deg. F. 
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0.75 


for Bearings With §- 


temperature 
No. of revolutions per minute 


ve 


Length of bearing in inches 
Viscosity of lubricant in centipoises at operating 


Clearance between shaft and bearing in inches 
Oil film thickness in micro-inches 


Unit load on bearing in |b. per sq. inch 
Coefficient of friction 


Relation Between Clearance (€) 
Film Thickness (h), Coefficient of friction (f) - 
Diameter of bearing in inches 


And 
L= 
d= 
Z: 
n= 
p= 
c= 
h= 


Osa) he eet 





Values of eC. 





Fig. 16— . . 
8 Clearance, film thickness, coefficient of friction and other factors for bearings with a length diameter ratio of 0.75 
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the boundary friction state without fail- 
ure than will the longer bearing with 
the larger clearance. 

All this can be seen from Fig. 17, 
which shows for the shortest bearing 
and for the longest bearing listed in 
Table V the dependence of the co- 
efficient of friction f upon Zn/p; also 
the dependence of the oil film thickness 
h upon Zn/p. The values for f and h 
were obtained from the curves presented 
in the Reference Book Sheets (June, 
P. E.) and Fig. 16, taking into account 
the actual diameter of these bearings 
as given in Table V. Since the surface 
roughness in both cases for shaft and 
bearing is 13 root-mean-square micro- 
inches, surface contact will start when 
the oil film thickness becomes less than 
130 micro-inches. This will take place, 
according to Fig. 17, in the case of the 
shorter bearing having the smaller 
clearance with values of Zn/p less than 
25, and in the case of the longer bearing 
having the larger clearance with values 
of Zn/p equal to 69 or less. 

The graphical analysis of Equations 
(6), (7) and (8) shows clearly that 
for a given bearing the size of the 
clearance and the surface conditions are 
the determining factors for the begin- 
ning of the semi-fluid friction state. 
As previously mentioned, the various 
bearing materials require different 
amounts of clearance; furthermore they 
possess different surface quality because 
of the difference in both manufacturing 
methods and running-in properties. The 
consequence of this knowledge is not al- 
ways realized, instead the mysterious 
property usually referred to as “oili- 
ness” is being used to account for the 
different behavior of various bearing 
materials in the transition region from 


fluid to boundary friction. Generally 
speaking, the transition region for a 
given bearing from fluid to boundary 
friction will be moved towards lower 
values of Zn/p as the clearance is de- 
creased, as the smoother the surface of 
bearing and shaft becomes and as the 
better the bearing has been run-in. 

An important consideration, too often 
overlooked and neglected, is related to 
the deductions just mentioned. One 
trend of development in machine design 
is in the direction of increasing power 
per unit of machine weight, with the 
result that the bearings become more 
and more mechanically and thermo- 
dynamically stressed. The logical way 
to meet the new conditions as far as 
the bearings are concerned, is to im- 
prove the lubrication system and de- 
crease the clearance. manufacturing tol- 
erances. and surface roughness, thus 
creating a lower coefficient of friction 
(in order to keep the bearing tempera- 
ture down) and obtaining sufficient 
safety against surface peak touching. 
So far everything is all right. But 
when the point is reached where the 
fatigue strength of the bearing material 
used becomes inadequate, the material 
is changed without changing the 1/d 
ratio and in many designs without 
changing the small clearance used with 
the former softer bearing material. The 
new stronger bearing material possesses 
inferior running-in and conformability 
properties (expressed in a large anti- 
disturbance value) and the result is fail- 
ure caused by seizure. 

The next step usually consists in 
enlarging the clearance. This step in- 
volves two other dangers. 

First. If the same lubricating oil is 


used as before (same \/Zn/p). the 
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Fig. 17—Relation between coefficient of friction “f,” oil film thickness “h” and “Zn/p” 


for the shortest and longest bearings specified in Table V 
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oil film thickness becomes smaller ay 
compared with the smalle: Clearange 
used previously; this means that the 
safety coefficient is decreased, and é 
cidentally metal to metal contact 
comes more frequent and wear greater 

Second. If the oil is changed toa 
heavier one (larger \/Zn/p) in order 
to increase the oil film thickness to the 
same thickness as was obtained with 
the originally satisfactory material, th. 
result will be a higher coefficient 9 
friction; and, as a consequence the oj 
temperature, which was at the mayi. 
mum permissible limit before (with th 
softer bearing material). will becom 
higher and another source of trouble js 
thus created. 

The only way to cope with this situa. 
tion is to properly coordinate all of the 
influencing factors. namely, diameter 
length, pressure. r.p.m.. clearance, su. 
face roughness, oil film thickness, tem. 
perature, coefficient of friction, oil yjs 
cosity, anti-disturbance and_ strengi! 
properties of the bearing material, and 
hardness of the shaft surface. 

Out of the abundance of published 
data it is often difficult. and sometimes 
impossible, to come to some conclusions 
which can be applied to a specific bear. 
ing problem. 

Hence, the author has attempted to 
correlate by mathematical analysis the 
various factors influencing sleeve bear. 
ing performance and to create some 
evaluation of bearing materials ex 
pressed in numerical quantities; how. 
ever, it should be borne in mind that 
structure formation as a consequence o! 
and depending upon manufacturing 
process and technique (sand, centrifu- 
gal, chilled casting. rolling) enter into 
the picture. The values for the bronz: 
given in Table II (June. P. E.) refer to 
castings in green sand moulds, unles 
otherwise indicated. and the values for 
the babbitts refer to structures obtained 
by severe cooling of the molten babbit 
after it was poured onto the preheate! 
backing material. 

In presenting this article the autho 
hopes that it will be of assistance 1 
the design of bearings and also 
analyzing bearing failures; and that ! 
will promote a closer cooperation be 
tween designer. bearing manufacture! 
and lubrication engineer. 


Eprror’s Note: Caption for Fig. ! 
(June, P. E.) is not correct. The caf 
tion should read ‘Relation betwee 
Zn/p and co-efficient of semi-fluid frit 
tion for bearing specified in example. 
Also the letter used to designate ™ 
“No. of revolutions per minute” om 
Reference Book Sheet page 366 (June 
P.E.) is incorrect. the letter should 
n and not A as shown. 
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Question and Comment 


CoMPLAINTS ARE OFTEN RECEIVED from 
the shop that while a machinist is able 
to thread a shallow hole it is neverthe- 
less a time robbing nuisance. Besides, 
the practice nearly always results in a 
poor thread and sometimes in broken 
taps. Occasionally shallow tapped holes 
cannot be avoided but in the vast ma- 
jority of designs there is not the slight- 
est justification for them. 

What then is the depth most conven- 
ient for efficient tapping and that at the 
same time is most economical? For 
hand tapping a set of three taps is used, 
taper-, plug-, and bottom-tap. If the 
drilled hole is not deep enough as shown 
in Fig. 1, the taper-tap will reach the 
bottom of the hole before a visible 
thread can be cut. The touching of the 
bottom cannot be seen but must be felt. 
If the movement of the tap after bottom- 
ing is continued for only part of a turn 
the tap will simply ream the hole and 
that makes the taper-tap worse than 
useless, The tapping operation then has 
to be started by the plug-tap which is 
not specifically designed for that pur- 
pose. 

There exists also a mistaken notion 
about the bottom-tap which can be 
traced directly to its name. A bottom- 
tap does not cut a full thread all the 
way down to the bottom. The bottom-tap 
has a chamfer about 11% threads wide, 
so that it cuts a portion of imperfect 
thread of the same depth. Machinists 
have a habit of collecting in their tool 
boxes broken taps which they grind 
square at the tip when necessity arises 
and thus provide themselves with a real 
bottoming tap. 

While tapping blind holes chips will 
accumulate at the bottom of the hole. 
The tap has to be removed and the chips 
blown out repeatedly if it is necessary 
to run the tap all the way down to the 
bottom, 

It would seem that the hole should 
be deep enough so that the taper-tap 
would cut at least one full perfect 
thread in order to give the plug-tap a 
good start. That would mean a depth of 
at least 1344 threads or for small taps 
a drill hole depth of approximately 
three tap diameters. 

Tapped blind holes are mostly used 


or studs. Studs have many advantage 
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Depth of Tapped Blind Holes 


ARTHUR H. KORN 


over Cap screws or tap bolts as they are 
also sometimes called. Among the more 


important ones may be mentioned 
greater strength. Studs also facilitate 
work in maintenance and_ repair. 


Tapped holes in cast iron should always 
be provided with studs because threads 
in cast iron will not stand the wear and 
tear of repeated screwing and unscrew- 
ing. Whether used in cast iron or steel 
parts, studs are always meant to stay 
in place, never to be removed even in 
repair work. That means the stud has 
to fit the tapped hole tightly. The fric- 
tion torque between stud and the tapped 
part has to be greater than that be- 
tween stud and nut. 

The insertion of studs is often shown 
as in Fig. 2. This is a mistaken idea 
and a machinist hardly will be misled 
by it. The right way of insertion is 
shown in Fig. 3 where there is sufficient 
clearance at the bottom of the hole to 
permit the tightly fitting stud to be 
screwed up against its shank or un- 
threaded portion. The jamming of the 
shank against the female threads will 
deform the material, that is, it will 
raise a circular ridge around the stud. 
A perfect gas pressure-tight seating of 
the flanges is thereby impaired. For 
this reason it is best to relieve the face 
area adjacent to the hole before tap- 
ping as shown in Fig. 3. This requires 
a special spot-facing tool. If such is 
not available the drill hole. as shown 


should be at least: counter- 
sunk to 120 deg. or more. 
The difference 7 between drill hole 


in Fig. 4, 


depth H and thread engagement E 
should be greater than the stud diam- 
eter D according to Schlesinger (Report 
on the Correct Design and Efficiency 
of Taps. Institution of Production Engi- 
neers—Journal Proceedings, v. 20, June 
1941, p. 143). The engagement E in 
cast iron is usually 144 D, because with 
this engagement the cast iron threads 
in shear will have about the same 
strength as the bolt. The total depth 
of the hole must then be greater than 
2% stud diameters, so that by way of 
this reasoning about the same depth 
is arrived at as before. 
= 22 

Often through-holes are not permis- 
sible because they would connect with 
spaces under pressure, for even tight 
fitting studs will not prevent gas or 
steam from leaking through. At the 
same time the flange may not be thick 
enough to allow a drill hole depth 
equal to three stud diameters. What 
then is the minimum drill hole depth 
feasible? Let it be said at the start 
that no sensible machinist will waste 
his time trying to determine the depth 
of a tapped hole within x: in. A drafts- 
man who calls for such accuracy sim- 
ply makes himself ridiculous. More- 
over the actual thread engagement can- 
not be predetermined with such pre- 
cision, if for no other reason than that 
the threaded portion of a stud has no 
clearly defined limit on account of the 
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run-out or imperfect thread at the end. 
Besides, thread length of stud as well 
as drill hole depth have or ought to 
have sizable tolerance. For these rea- 
sions it seems, the minimum clearance 
between stud and bottom of hole should 
not be less than one half of the stud 
diameter. 

Enin— } D 
This formula also can be found in 
books on machine design. 

Shallow holes are particularly ob- 
jectionable in materials which are dif- 
ficult to thread such as stainless steel, 
tool steel and certain tough bronzes. 


Sealing Porous Castings 
To the Editor: 


Some months ago there appeared in 
Propuct ENGINEERING an item in re- 
gards to the use of a synthetic resin 
for impregnating porous castings to 
make them fluid tight. 

Many of your readers may be inter- 
ested in knowing that a manufacturer 
of gasoline vending equipment has used 
a black baking japan to seal the pores 
of castings. From all reports the method 
worked satisfactorily. 

—Car J. SCHUMANN 
Hilo Varnish Corporation 


More About 
Welded Structures 


To the Editor: 


Following up the article “Welded 
Structures” which was presented in 
July, Propuct Eneineerinc, I have 
three more important points that should 
be mentioned and stressed, to help engi- 
neers get better and faster work. 

1. The engineer should first determine 
what quantity is required of the particu- 
lar unit he is about to design. Next he 
should make sketchy drawings both of 
welded and steel casting designs. Then 
establish with the assistance of welding 
and foundry authorities in his own plant 
how these particular designs would fit 
into production. Every shop has its own 
particular problems. In one place a 
welded structure might be manufactured 
better at less cost than in another plant, 
which in turn might be able to produce 
castings at far less cost than for welded 
parts. This holds true particularly in re- 
gard to parts which can be machine 
molded. 

2. After the drawing has been pre- 
pared of the welded structure, all re- 
quired dimensions should be put on and 
arranged so that the welder will be com- 
pelled to follow a definite order of pro- 
cedure. Dimensions should not be so 
placed that a man may start his welded 
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assembly work from any one end and 
work it straight through, because in 
structures of any great length the cumu- 
lative shrinkage and errors may become 
a source of considerable trouble. 

Every unit should be dimensioned 
from three distinct axes: longitudinal, 
transversal, and a horizontal plane. In 
a rotating base, for example, dimen- 
sions should be from the two centerlines 
of rotation and the finished top pads. 
Thus the variables will be outward. 
Drilled and bored holes, and machined 
faces, should be located from the three 
axes. Finished faces should not be lo- 
cated from an unfinished face such as a 
web or flange face, particularly not 
from edges of flanges. 

Each drawing of a _ sub-assembly 
should have reference dimensions to the 
three axes of the complete assembly. 
Work on the sub-assembly will be done 
accurately if its own three axes are used 
as base lines for dimensions. 

3. At times it is important to know 
what internal fiber stresses prevail in a 
welded structure that cannot be stress 
relieved by annealing. Such stresses can 
be found by the use of a Berry gage. A 
punch gage of 2 or 8 in. length is used 
for punching the individual parts, before 
welding, at places where bad strain may 
occur. Punch marks should be distinct, 
sharp and clean. Each set of holes is 
then numbered on the pieces, and cor- 
respondingly noted and located on the 
drawings. Before any welding is done 
the distance between punch marks in 
each set is measured accurately and tab- 
ulated. After the structure is welded, 
new readings are made and tabulated. 
The difference in the first and second 
readings will be the measure of the 
contraction or elongation in the mate- 
rial between the respective sets of punch 
marks. From this the engineer can de- 
termine the nature and magnitude of the 
stress introduced in the members by 
welding. —Gustav JOHANSSON 

Link-Belt Speeder Corporation 





Rate of Gas Flow 


To the Editor: 


In the June issue of PRropuct Eyg, 
NEERING a request is made for informa. 
tion on the rate of gas flow through 
small annular passages of short length, 
An equation taken from Perry’s “Chen, 
ical Engineers’ Handbook,” page 73) 
might help our fellow reader. 

It is a theoretical formula for jg. 
thermal streamline flow in straight pas. 
sages, in which 


W = weight rate of discharge, lb. per se 
D». = large dia. of annulus, ft. 
D,; = small dia. of annulus, ft. 
g = gravity acceleration, 32.17 ft. persee! 
L = length of passage, ft. 
M = molecular weight 
pi = upstream static pressure, Ib. per sq, 
ft. 
p2 = downstream static pressure, lb. per 
sq. ft. 
R = 1548, a gas constant 
T = absolute temperature 
= deg. F.+ 459.5 
Z = relative viscosity, centipoises 
u. = absolute viscosity, lb. per sec. ft. 
= 0.000672 Z 
N = (gM/2RTp) [(p?— p?)/L) 
_ «(D2 — D2) N[,, 
W =- — | D.? + D? - 
D? — D? 


2.3 logio (Do; dD; ) 


When the length of the passage is 
short, these formulas do not give cor- 
rect results unless end corrections are 
applied to compensate for the sudden 
reduction and the sudden enlargement 
at the entrance and exit of the passage. 
These corrections are given on page 73) 
of Perry’s “Chemical Engineers’ Hand- 
book.” 

No doubt, however. a few simple ex 
periments carried out on an annular 
passage of the correct size would give 
all the data required in the design of 
the gas mixing valve. 

—A. CUNNINGHAM 
Price Brothers & Company, Ltd. 





Can You Work This One? 


H. E. SMITH 


Solution to July problem— 


An Apple a Day 


In order to deliver one apple to the 
king, the servant had to pick 15, of 
which he gave one half or 74 plus half 
an apple or 8 in all to the first guard, 
leaving the servant 7. Following this 
same procedure, he next gave 4 to the 
second guard leaving 3, and 2 to the 
third guard, leaving just 1 for the king. 
In a week 105 apples were picked. 


This month’s problem— 


Passing Trains 


The trip from San Francisco to Nev 
York, or reverse, takes just a week dis 
regarding the difference in time. A tral! 
leaves San Francisco for New York 
every day at noon. If you board a tal 
leaving New York on Sunday at 200! 
for San Francisco, how many San Frat 
cisco-to-New York trains do you met 
during the trip? 
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“1 PLYWOOD 
). Per see, . 
— Compressed impregnated plywood consists of wood veneers bonded by resin type plastics and compressed 
- Der sec, “4 
% ° . ° ° 
| under pressures ranging from 250 to 2,000 lb. per sq. in. Even higher pressures may be used in the near 
b. T sq. a . 5 ° 
*% F future. They are variously known as “compregnated” plywood or “compreg,” superpressed plywood, densi- 
e, lb. per : 1 . - ‘ 
) fied plywood, as well as by tradenames such as Pregwood made by Formica Insulation Company, Jabroc 
» made by Moulded Components, Ltd., Tegowood and Jicwood. 
ses a 
sec. ft. 
| ADVANTAGES. The advantages of MOISTURE ADSORPTION. Moisture veneers, direction of grain, and applied 
: > such material are found principally in adsorption, swelling and shrinking of pressures. Tables II and III indicate to 
F its increased strength and resistance to plywoods are reduced to one-fourth of some extent the effect of variation in 
D?- | moisture, swelling and shrinking. It normal when tests are continued until these factors. 
| weighs one-sixth as much as steel and true equilibrium conditions have been Still higher strengths have been pro- 
) its specific gravity ranges from 1.25 to reached, and reduced to a considerably duced. A few samples of parallel lami- 
© 1.45, which compares with 1.25 for lig- greater extent under normal use condi- nated resin treated spruce having a 
_ —— num vitae and with 1.22 for ebony, two tions. Decay resistance is appreciably specific gravity of 1.3 gave a maximum 
assage § Be of the heaviest natural woods. Another increased. Table I shows test results for tensile strength parallel to the grain of 
give cor type of high density plywood impreg- Jabroe. over 40,000 lb. per sq.in., a modulus of 
a nated with lignin that can be polymer- rupture in static bending of over 40,- 
. ized under simultaneous heat and pres- STRENGTH. Strength values increase 000 Ib. per sq.in., a maximum crushing 
|argement “oy P i . d 
© sure, is in the experimental stage. about in proportion to specify gravity strength of over 20,000 lb. per sq.in., 
> ssac ° 
ete and depend more on compactness of and a modulus of elasticity of 4,000,000 
g 3 . . . - 
Hel | WOODS. Several kinds of woods have fibres and friction along fibre bonds to 5,000,000. 
» been tried. Engineering test data indi- than upon the bonding material. Tensile Compressive strength increases in 
satin ) cate that variations in mechanical prop- strength of compregnated plywood can greater proportion than the increase in 
aa | erties of compressed wood of the same be predetermined with a fair degree of weight of the wood. However, it has 
ole ) specific gravity made from different accuracy by ‘choice of thickness of been pointed out that when a constant 
design of [i species of wood are considerably less 
.. » than the variations in mechanical prop- T 
incu [fp *tties of the same species of woods in Table I—Water Adsorption of Resin-Impregnated Wood 
pany, Lt. natural state. Variations between Water Adsorption Pressure Resin Content Thickness Specific 
} diflerent species decrease with increas- after 24 hr. Ib. per sq.in. percent in. Gravity 
} ing compressio 
— Fan rid r m pressures. Thus poplar G5... 1,200 55 0.067 1.36 
o_o wood are not as strong as birch ) SP RRP 500 55 0.063 1.97 
when compressed under 500 lb. pres- ee ee 1,200 40 0.048 .27 
sure, but when all three are subjected to hes oes: 500 10 0.053 1.15 
1,500 lb. pressure their properties differ 
slightly if at all. $ 
Table II—Effect of Veneer Thickness on Strength of Compregnated 
BONDING MATERIAL. Most success- Plywood 
f . . Pe = 
8 “ resin for bonding, reported by the Veneer Layers | Specific |Compression| Tension Shear 
— Products Laboratory, is an alka- Thickness Used | Gravity | lb./sq.in. | Ib./sq.in. | lb./sq-in. 
i Ine, catali i 7mer- 
co oP ind tetels, i rhe ——— 7 we..........-. I 0.63 6,200 | 10,100 | 2,020 
week dis << Phenoltormaldehyde resin-forming BR 1/8 in. birch........... 9 0.77 7,890 11,840 6, 060 
ne. A trail mix with a pH of 8 that is soluble in C 1/16-in. birch.......... 17 0.72 7,980 13,920 6,330 
New York pron in all proportions. Water-resistant © _D 1/48-in. birch.......... 69. 1.05 11,720 19,160 | 11,540 
| qualities are j d j i 
ard a trail q imparted in the curing I 
ncreases (percent 
.y at noo Process. Urea-formaldehyde resin-form- tn: 
San Frat ing systems were found to be much less D/A (not strictly compar- , 
you mee! effective in permanently reducing shrink rae Oe gh 67 89 90 170 
; and swell, ws ER Sey Yi a 36 49 62 90 




















[NEERING August, 1942 








resin content is maintained and specific 
gravity is increased by pressure alone, 
expected increase in compression 
strength falls behind the increase in 
tensile strength. The ratio of tensile 
strength to specific gravity compares 
with materials such as aluminum alloys, 
but the ratio of compressive strength to 
specific gravity does not. 

Resistance to shear is 
seven-fold in woods subjected to 1,000 
to 1,500 lb. per sq.in. pressure. This en- 
ables use of the material in bearing, 
gusset or spar plates in wood structures 
to take bearing pressures. 


increased 


HARDNESS. Surface hardness by the 
Sword hardness tester varies from 65 to 
90 for different species of wood and 
amounts of resin present. This com- 
pares with 100 for plate glass and 6 
for natural spruce wood. Varnished 
spruce has a value of 18. 


SURFACE. The surface of compreg- 
nated plywood is hard, smooth, and 
weather-resistant. A polished surface 
will result if the pressure plates or rolls 
are polished stainless steel, or a duller 
surface may be produced by plates or 
rolls of other materials. 


FINISHES. There is little experience 
reported on finishes. As far as protec- 
tion alone is concerned the natural 
product requires no finish. Enamel 
paints used to paint insignia on air- 
planes gives a smooth one-coat finish. 
Dyes have been added experimentally 
to the resin-forming mix and a few 
have shown promise for outdoor use 
and more for indoors. 


MACHINING. Metal working tools are 
used in machining and sawing com- 
pregnated plywood. 


ADHESIVES. Greater difficulty than 
with ordinary wood is experienced in 
gluing the hard and glossy surfaces and 
it is often impractical. If it is desired 
to glue one or both faces of compressed 
wood, it is advantageous to make up 
with treated or precured faces. 

Resin type adhesives have been found 
to be most satisfactory. The heat reac- 
tive types are preferred. For gluing, 
Pregwood should have a sanded surface 
unless an unimpregnated surface is used. 


SPECIFICATIONS. Pregwood is made 
only in flat sheets in thicknesses up to 2 
in. Trimmed dimensions are 23x80, 23x 
39, 19x96, and 15x58 inches. Owing to 
the almost unlimited combinations of 
woods, orientation of grain directions, 
the number of plies used, and pressures 
and temperatures used in producing the 
material, Pregwood is being made to 
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Table I1I—Effect of Increasing Pressures on Strength: of 
Compregnated Plywood 

















: Moisture ‘ Compres- ‘ 
Veneer Specific Conhent Specific idan Tension | Shear 
Thickness Gravity percent Pressure Ib. /sq.in. Ib./sq.in. | lb., 8q.in 

A Solid birch. .... [es ae oe 6,200 | 10,100 | 20, 
B 57/48 in. birch. . 0.77 6.6 200 8,580 12,550 7,249 
C* 69/48 in. birch. . 1.05 ee: 500 11,720 19,160 11,540 
D* 81/48 in. birch..| 1.30 8.3 1,000 | 14,220 | 25.740 | 16'19 
E* 81/48 in. birch. . 1.36 8.7 1,500 14,270 28,490 15,909 
F 85/48 in. birch. . 1.35 8.2 1,500 14,540 25,030 16,360 

Increases (percent) 

eR 2 3 eee eager 131 182 68 
SRR IRR I x eee, Bere 66 127 129 
ee a ae eee 66 105 123 























*Cooled 15 minutes under pressure 





Table IV—Physical Properties of Pregwood, Type B With Crossed o; 
Parallel Laminations 








Crossed Grain Parallel Grain 
IN 8 ais x aca va 1.25 to 1.45 1.25 to 1.45 
Se ae eee 14,000 30,000 
Shear, parallel to laminations with grain..........} =. ..... 8,000 
ee 9,000 12, 
Modulus of rupture, across grain............... 28,000 40 , 000 
Modulus of rupture, parallel to grain.............}  —«.. 6,000 
Modulus of elasticity, with grain........:.......]  — ..e.-- 3, 000,000 
Compressive strength, perpendicular to grain...... 28,000 15,000 











Electrical Properties 





Dielectric strength in air perpendicular to laminations on 3/16 in. 


i. A ees age 


200 volts per mil. 


Dielectric strength in 122 deg. F. oil parallel to laminations on 


o/bO mm. thickmess.................- 
SS ee eee 


60 volts per mil. 
0 





order to suit specified requirements. 

While thickness tolerances of Preg- 
wood may be as high as 14 in. on a 
thickness of 2 in., machined dimensions 
can be held to limits far closer than 
ordinary woods. 

Maximum permissible warp varies 
with the number and thickness of lami- 
nations. With 14-in. laminations warp 
may be Ye in. in a yard when only five 
laminations are used or only 7s in. in a 
yard for 11 or more laminations. With 
1/28-in. laminations the warp may be 
Ys in. for 11 laminations. When not 
more than seven laminations are used, 
the sheet is flexible. 


USES. Principal use to date is in 
Swartz type airplane propellers. A ma- 
terial consisting of compregnated sur- 
faces and an uncompressed core offers 
much promise for fuselage and wing 
covering. Flexibility of the outer plies 
should make it respond readily to vari- 
ous types of bag molding. 
Compregnated plywood dies’ used in 
die casting and forming of metal parts 
by beating metal around the fork have 
stood up well. In England it has been 
used also for profiling plates. routers, 
press and blanking tools, edges of the 


latter have steel-facings for cutting. 

Its hard surface should make it : 
satisfactory flooring material requiring 
no finish. Plywood gears with veneer 
laid in rotation at 15, 30, or 45-degree 
angles with adjacent layers have been 
suggested. Many textile machine parts 
which must be light in weight and dur 
able could be made of the material. 

A typical electrical use for Jabroc i 
for instrument panels where its strength 
is advantageous in resisting shock load: 
such as occur during gunfire aboati 
ship. It is used also as a secondal 
dielectric in insulator spindles for over 
head power lines to replace steel, whic! 
is used only for reasons of strength. 4 
wood equivalent would be preferred le 
cause it would avoid unfavorable electre 
static field distribution caused by met! 
in the pin-type insulators in |i 
weather. 


CONCLUSIONS. Because of the net 
ness of the material there remain m2"! 
properties which have not yet be 
properly evaluated, The Forest Products 
Laboratory is attacking these problem: 
vigorously at present to make the dal 
available to the war effort. particulat 
for plywood aircraft construction. 
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HEAT RESISTANCE. Pure carbon 
and graphite articles are immune to 
thermal shock since they have a low 
coeficient of expansion. Any tem- 
perature cycle between sub-zero and the 
temperature of the electric arc can be 
used without fear of cracking or spall- 
ing. The rate of oxidation is rela- 
tively slow. Carbon and graphite do 
not melt nor cold flow. No distortion 
occurs below 2,700 deg. F. for carbon 
and 4,170 deg. F. for graphite. 

Impervious carbon and _ graphite, 
such as National Carbon Company’s 
Karbates, which are impregnated to 
eliminate permeability, can be exposed 
to flame temperatures of 2,000 deg. F. 
or more if submerged in a non-oxidiz- 
ing aqueous solution. 


HEAT CONDUCTIVITY. Carbon is a 
poor conductor of heat. Graphite, 
however, is better than iron as a heat 
conductor and, therefore, has been used 
in heaters and heat exchangers, par- 
ticularly the impervious type material. 
Linear thermal conductivities, in B.t.u. 
per hr., per sq. ft. per deg. F. per foot 
range from 3 to 6 for carbon and 75 to 
94 for graphite. 


THERMAL EXPANSION. As _ shown 
in Table I, thermal expansion of amor- 
phous carbon and graphite is low com- 
pared to other materials. 


CARBON AND GRAPHITE 


CARBON AND GRAPHITE MATERIALS are being applied 
to a rapidly increasing extent in the fabrication of 
parts for industrial equipment. Their inert ceramic- 
like properties and resistance to heat shock and cor- 
rosion have been particularly attractive in chemical 
equipment construction. Means of closing the nor- 
mally porous structure of these materials and 


CORROSION RESISTANCE. Carbon 
and graphite are unaffected by fluorine, 
acids, and alkalies as such. Their re- 
actions in the presence of various 
chemicals are often dependent upon 
concentration, temperature and other 
factors. In some instances there may 
he an initial chemical attack which 
forms a stable film or surface. Chemical 
and Metallurgical Engineering, Sept., 
1940, contained an extensive list of 
chemical reagents to which impervious 
carbon and impervious graphite are 
resistant. 

While carbon is a good reducing 
agent, the majority of reducing reac- 
tions take place at temperatures such 
as occur in the production of iron from 
ore. There are also low temperature re- 
actions between carbon and _ strong 
oxidizers such as oleum, chromic acid, 
aqua regia, mixed acids, and others. 
Graphite is usually slower in reaction 
than carbon as indicated by critical 
oxidation temperatures in air, which are 
about 66 deg. F. for carbon and 850 
deg. F. for graphite. 


STRENGTH. Impervious carbon and 
graphite are fragile as compared with 
metals but in general more rugged than 
glass. Tensile strength is about doubled 
when porous structure is sealed with 
various synthetic resins. In general, 
the larger the piece the lower the unit 


thereby doubling their strength has further in- 
creased their usefulness. 
though fragile as compared with metals, have been 
fabricated into such articles as fittings, reactions 
chambers, piping, 


Carbon and _ graphite, 


heat exchangers, packing rings, 
valves, experimental apparatus, guide or hold down 
rolls, alloy molds, and even centrifugal pumps. 


strength, unit current carrying capa- 
city, density, unit thermal conductivity, 
and coefficient of expansion, and the 
higher the specific resistivity and perme- 
ability. 

Carbon particles, like those of con- 
crete, are much stronger in compres- 
sion than tension. Their yield point 
and ultimate strength are practically 
identical and there is no elongation in 
tension. Table II gives strengths of 
various shapes. 


LUBRICATING QUALITIES. The 
lubricating properties of graphite have 
led to its extensive use in bearings 
where oil or grease lubrication is not 
feasible or where corrosive conditions 
are destructive to metal bearing sur- 
faces. Carbon and graphite packing 
rings for steam turbines, stuffing box 
packing, and thrust rings are widely 
used. This quality is also of value in 
the well known use of carbon in 
brushes on electric motor commutators. 


MACHINABILITY. While carbon is 
definitely machinable, and can be ma- 
chined readily with steel cutting tools, 
it is abrasive and requires special ma- 
chining technique. Grinding with an 
abrasive wheel is the preferred method 
of finishing when adaptable to the 
operation. Graphite machines like 
hard wood and can be machined easily 


Table I—General Physical Properties of Carbon and 


Graphite Materials 












































Carbon Graphite Karbate I Karbate II 
a oad Fie Kos Leader a 1.79 to 2.10 2.25 (pure) 
ee La Sokal 95.2 to 103 95.5 to 104.8 109.9 to 110.4 116.1 to 119.2 
a ara ee 17.9 to 26.2 24.3 to 31.3 1.2to03.2 0.4 to 0.9 
Longitudinal Modulus of Elasticity x 10-> lb. 7 a 
Ee ag oa ud da edie wae 4.3 to 21 6.7 to 14 26 to 29 21 to 23 
Coef. of Thermal Expansion per deg. F. x 10° to ‘ 
212 deg. F....... nae wiinageoani: 1.3 to 2.2 0.6 to 1.9 2.8to3.4 2.4 to2.5 
Linear Thermal uy a a t.u. per hr. m - 
per sq. ft. per deg. F. per i ee 3 to 6 70 to 94 2.8 to 3.0 75 to 85 
0.0013 to 0.00036 to 0.0016 to 0. 00033 to 
Specific Resistance Ohms per cu. in........... 0.0026 0.00042 0.0017 0.00034 
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to almost any desired shape with great 
accuracy and smooth finish using steel 
cutting tools on standard metal work- 
ing equipment. In fact some wood 
working machines are used in the 
fabrication of graphite products. Many 
intricate shapes are being produced on 
a commercial scale. Karbate materials 
are said to be as easily machined as 
brass. 

Drilling is usually done with steel 
tools. Threading can be done with dies 
but a better job is done on a lathe 
with single point tools. A_ straight 
thread rather than a tapered one is 
preferred. Sawing can be done with 
ordinary tools but a diamond pointed 
saw cuts faster. 

Impervious carbon or graphite arti- 
cles that require machining are fre- 
quently machined before impregnation 
with the plastic binder, thus producing 
economies. 


MOLDED PRODUCTS. Special 
shapes of carbon and graphite parts 
are often molded, the process being 
closely tied in with carbon and graphite 
production. Such articles are formed 
from a mixture of coarse and fine car- 
bon particles and pitch. Since the 
formed “green” material becomes plas- 
tic again during the baking process, 
each article is completely supported in 
a graded mixture of coke which allows 
escape of volatiles during baking. 
Baking is a long process in which 
temperatures reach 1,800 to 1,900 deg. 
F. and the pitch binder is “cracked” 
to carbon. 

Graphitization, when required, fol- 
lows the baking process and ‘is ac- 
complished by heat of electrical re- 
sistance which builds up to 4,900 to 
5,400 deg. F. This graphite should 
not be confused with crucible material 
made from natural flake graphite and 
clay. 


BEAMS, SLABS AND CYLINDERS. 
Carbon and pitch mixtures are ex- 
truded through dies to form beams, 
slabs, cylindrical or other shapes and 
given the same heat treatment as 
molded parts. Carbon in rectangular 
form is available in sizes up to 20x30x 
180 in. Graphite blocks up to 16x16x72 
in. are produced. Cylinders up to 40 
in. dia. x 110 in. long are available in 
carbon and up to 20 in. dia. x 72 in. 
long or 24 in. dia. x 48 in. long are 
available in graphite. 

These large sizes prompted a real 
advance in the design of chemical 
processing equipment such as the Cot- 
trell precipitator in which 14-ft. slabs 
2844 in. wide and 4 in. thick replaced 
carbon brick construction in both walls 
and roof. Pipe sections 33 in. in dia. 
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make vent 17 ft. tall above precipitator. 
Construction is entirely of impervious 
carbon. 


PIPING. Impervious carbon has its 
largest application in piping and fittings 
for carrying corrosive chemicals and 
for heat exchanger service where its 
high heat transfer properties, coupled 
with the fact that no corrosion scale 
will form, are used to advantage. An 
extensive line of sizes of pipe, sleeve 
couplings, cemented and_ threaded 
flange couplings, fittings, elbows, re- 
turn bends, and tees have been stand- 
ardized. 


HEAT EXCHANGERS. Almost every 
type of heat exchanger including bay- 
onet, immersion, return bend, concen- 
tric tube, and shell and tube types, as 
well as gas-flame heating tubes and 
coils, have been fabricated entirely of 
impervious carbon. Graphite pipe and 





fittings are sufficiently impervious to }, 
used at low pressures without distyy, 
ing seepage. For higher pressures uy 
to 60 lb. per sq. in. or for complete 
freedom from seepage, impregnate 
graphite construction is recommende 
Corrosion resistance and high thermal 
efficiency are the important characteris 
tics. 


MOLDS. Ability of graphite and cay. 
bon to hold molten metals is exploites 
in crucibles, sampling ladles, and ingot 
molds. It is also being used for the 
molding of alloys and other materia 
into various articles. Long mold life 
and reduction of machining on th 
finished article afford economies jy 
production. Graphite spike molds pro. 
duce tubes without sticking and giy 
them a bright polish. Glass molds of 
graphite-carbon have similar advantages 
of long life, non-affinity, and ability ty 
leave a high polish. 


Table II—Strengths of Carbon, Graphite and Karbate 
in Various Forms 





Ranges of lb. per sq. in. Strength 
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MALLEABLIZED STEEL 


Arrested malleablized steel, the descriptive name of a casting material now trade-named ArmaSteel, was 


developed by General Motors Saginaw Malleable Iron Division to obtain a material with properties 


superior to malleable iron castings. The properties of this material, which are widely variable but can 


be closely controlled by heat-treating the castings in a special type of furnace, made its use practical 


in place of stee! forgings and other materials even before present shortage of materials. 


STRENGTH. Yield strength is com- 
parable to that of steel forgings in the 
1035 to 1050 range. Any specified yield 
strength up to 90,000 lb. per sq. in. is 
being produced without change in com- 
position. Ultimate strength is 12,000 
to 18,000 lb. higher than yield strength. 
Long endurance in many applications 
is considered evidence of good fatigue 
properties. (See Propuct ENGINEERING, 
p. 186, April 1942, piston design.) 


HARDNESS. Ready response to local- 
ized hardening is one of the most valu- 
able properties of ArmaSteel. Such 
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Fig. 1—Typical physical properties of 
ArmaSteel as obtained in many tests. 
These results are not intended to be used 
as rigid specifications 


parts as cams and gears may be flame 
or induction hardened. Wearing sur- 
faces may be hardened in lead-bath. 
Selective hardening by local heating 
and oil or water quenching results in 
a minimum surface hardness of 50 
Rockwell C. The Jominy hardenability 
test bar gives results comparable to 
3040-A steel. It is suitable for full 
hardening up to 34 in. dia. when oil 
quenched, or to 114 in. water quenched. 


MACHINING. Comparative machining 
lests show advantages over steel bar 
stock and drop forgings of the same 
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Brinell hardness. Ten to 30 percent 
better machinability are reported by 
users, accompanied by 20 to 100 per- 
cent increase in number of parts finished 
per tool grind. 

The metal can be placed more closely 
to the needs of the finished part than 
steel forgings thus minimizing the 
amount of machining and time. 


MISCELLANEOUS QUALITIES. High 
resistance to shock and stress are ob- 
served both at normal and sub-zero 
temperatures. High rigidity results in 
minimum deflection, accurate alignment, 
close tolerances, and good fits. 

Damping characteristics have been 
observed to effect more quiet engine 
operation when camshafts are of this 
material. 

Non-seizing properties in metal-to- 
metal wear have permitted elimination 
of bushings in several applications. 
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ANALYSIS AND MANUFACTURE. 
The metal charge includes high-quality 
steel scrap, silvery pig iron of special 
composition, and the remainder gates 
and sprue. These are melted together 
in a cupola, then refined and super- 
heated in an electric furnace. Heat- 
treatment, which alone controls physi- 
cal properties, takes place in a special 
type of radiant furnace fired with 
natural gas. ArmaSteel is frequently 
referred to as graphitic steel because 
its matrix closely resembles that of 
spheroidized steel. Finishing operations 
include die straightening and inspection. 


Chemical Composition 
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Fig. 2—Hardness-cooling rate curves show how hardenability compares with that of 
commonly used steels and enable prediction of hardness to be obtained by heat- 


treatment of different size sections 
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ALUMINUM. BRONZE 


ALUMINUM BRONZES have been largely 
restricted until recently to castings for 
acid resisting parts. Difficulties in fabri- 
cation of wrought aluminum bronzes 
have retarded their extensive applica- 
tion but developing technique and im- 
proved manufacturing facilities are now 
putting the wrought material in parts 
requiring high tensile strength in com- 
bination with good corrosion resistance 
and frequently good wear resistance. 


TWO TYPES 


Industrial aluminum bronzes are of 
two general types. The 5-percent alumi- 
num bronzes, whose properties are 
shown on the accompanying charts, are 
of the alpha or single-phase type, often 
referred to as homogeneous alloys. The 
second type is known commercially as 
duplex bronze because they have two 
phases. Alloys containing over 7.5 per- 
cent aluminum are usually two-phase 
alloys. 


PROPERTIES OF ALPHA TYPE 


COLD WORKING PROPERTIES. Excellent; 
decrease with increase in sensitivity to 
work hardening. 


R. A. WILKINS and E. S. BUNN 


Revere Copper and Brass Incorporated 


Hot WORKING PROPERTIES. Good; can 
be hot forged, rolled and extruded 
readily. 


Prasticity. Most plastic between 1,450 
and 1,650 deg. F. Hot plasticity in- 
creases with aluminum content. 


TENSILE PROPERTIES. Comparable to 
high brasses. Ductility is highest of 
aluminum bronzes. Work-hardening is 
rapid; therefore they are little used for 
severe drawing or stamping operations. 


ANNEALING CHARACTERISTICS. Similar to 
alpha brasses. Softening of work-hard- 
ened alloys can be accomplished by an- 
nealing between 800 and 1,400 deg. F., 
depending upon properties required. 


RESISTANCE TO OxIDATION. All alumi- 
num bronzes possess good resistance to 
scaling or oxidation at elevated temper- 
atures, being better in this respect than 
any other copper base alloy. This qual- 
ity improves with increase in aluminum 
content. 


CORROSION RESISTANCE. Excellent acid 
resistance is largely responsible for 
wide use of all aluminum bronzes. Re- 
sistance against strong alkalies is only 


mediocre. Under certain conditions 
corrosion, both types are susceptible w 
“dealuminization,” a form of corosign 
analogous to “dezincification” in brag 

The alpha bronzes, either plain 
modified with up to 4 percent nickel j) 
increase resistance to salt or brackish 
water corrosion, have shown indication; 
of being suitable in oil refinery service 


Cotor. Approximates 18 karat gold: 
has been used in jewelry field, for radiy 
faces, and decorative emblems, 


GENERAL APPLICATIONS. Valve stems 
propeller blade bolts, air pumps, cop. 
denser bolts, slide liners and bushings 


PROPERTIES OF DUPLEX TYPE 


COLD WORKING PROPERTIES. Can be coli 
worked only lightly. 


Hot WORKING PROPERTIES. Excellent 
through a wider range than alpha 
bronzes; usually hot worked between 
1300 and 1650 deg. F. They can be 
extruded and hot forged into intricate 
shapes. 


TENSILE PROPERTIES. High _ tensile 


strength but lacking in ductility. 
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Fig. 1—Effect of cold work on tensile strength and apparent 
elastic limit of aluminum bronze (95.19 percent copper, 4.66 per- 
cent aluminum) annealed to a grain size of 0.025 mm. 
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Percent Reduction in Area 


Fig. 2—Effect of cold work on Rockwell hardness, percent elat 
gation, and percent reduction of area of 5 
bronze rod previously annealed to a grain size of 0.025 mm. 
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Fig. 3—Effect of cold work on the yield strength of 5 percent 
aluminum bronze rod which was previously annealed to a 
grain size of 0.025 mm. 
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po 5—Effect of annealing on tensile strength and apparent 
: astic limit of 5 percent aluminum bronze rod previously cold 
rawn to 50 percent reduction of area from material having a 
grain size of 0.025 mm. 
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Fig. 4—Effect of annealing on grain size of rod previously cold | 
drawn to 50 percent reduction of area from material having a 
grain size of 0.025 mm. 
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Fig. 6—Effect of annealing on Rockwell hardness, percent elon- 
gation, and percent reduction of area rod previously cold drawn 
to 50 percent reduction of area from material having a grain 
size of 0.025 mm. 
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Fig. 7—Effect of annealing on yield strength of 5 percent alumi- 
num bronze rod previously cold drawn to 50 percent reduction 
of area from material having a grain size of 0.025 mm. 
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Fig. 9—Effect of annealing on tensile strength, apparent elastic 
limit, and grain size of 5 percent aluminum bronze condenser 
tubing previously cold drawn to 20 percent reduction of area 
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Fig. 8—Effect of elevated temperature on tensile strength and 
percent elongation of 5 percent aluminum bronze tube 075) 
in O.D. with 0.049 in. wall, hard drawn, relief annealed 
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Fig. 10—Effect of annealing on Rockwell hardness and percent 


elongation of 5 percent aluminum bronze condenser tubing P* 
viously cold drawn to 20 percent reduction of area 
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ErrorTs OF APPROXIMATELY 10,000 
laboratory experts and scientists, their 
experience and confidential laboratory 
data will be brought to bear on the 
problems of metals for war in the 
new War Metallurgy Committee which 
has been set up by the National Aca- 
demy of Sciences. The function of this 
committee is to collect data and in- 
formation as requested by the Army, 
the Navy. and other governmental de- 
partments, as well as industry, and to 
plan, present, and supervise definite 
research projects for either war ma- 
terials or armaments, announced Frank 
B. Jewett, president of the National 
Academy of Sciences. 

The War Metallurgy Committee is 
to function as the nerve center for all 
metallurgical research organizations 
and departments in this country. Re- 
search work in Canada and in England 
will also be included. Thus the serv- 
ices of any or all metallurgical re- 
search, personnel, and facilities are 
made available through the Army and 
Navy through the War Production 
Board or the Office of Scientific Re- 
search and Development. There are 
in excess of 10,000 such experts in 
this country, and their combined ex- 
perience represents well over 125,000 
man years. 

Typical of the problems referred 
to this committee is one asking for 
improvements in welding processes. A 
sub-committee was immediately ap- 
pointed, which collected all available 
known data from universities, engineer- 
ing foundations and research depart- 
ments. The Project Section of the War 
Metallurgy Committee worked up the 
research indicated, research proced- 
ure, and this research was placed with 
one of the university laboratories. 


Silver Improves Bronzes, 
Research Project Finds 


ABouT 3 PERCENT OF SILVER in wrought 
alloys of copper with 5 to 10 percent 
of tin renders them susceptible to 
precipitation hardening, research con- 
ducted on behalf of the American Sil- 
ver Producers’ Research Project has 
found. Such bronzes, when _heat- 
treated, show marked increase in yield 
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War Metallurgical Research Committee Formed 


Summaries 


NATIONAL ACADEMY OF SCIENCES 
one 





Operation of new War Metallurgy Committee is shown here. Committee operates 
through three major sections: formulating and placing research projects, supervising 
operation of these researches, and correlating the committee’s work with war metallurg- 
ical research of other agencies. Metals and Minerals Advisory Committee serves both the 
War Production Board, and the War Metallurgy Committee on problems involving pro- 
duction, substitution and conservation of strategic materials. Clyde Williams, Director 
of Battelle Memorial Institute, is chairman of both committees 





strength without significant decrease 
in ductility, electrical conductivity or 
resistance to corrosion. Moderate cold- 
rolling produces physical properties 
superior to those obtained by heat- 
treating 10 percent tin bronzes. 

In cast alloys of copper with 10 
percent tin and 3 to 5 percent silver 
there is a mild response to precipitation 
hardening treatment, but the improve- 
ment does not justify the cost of the 
silver. Silver does produce grain re- 
finement in cast bronzes, however, and 
restrains grain growth in wrought 
bronzes. 


Infra-Red Drying Lamp 
Speeds Van Dyke Prints 


REDUCING THE NUMBER of rejected Van 
Dyke prints from 25 percent to zero, 
and speeding up their production 350 


percent, the installation of infra-red 
drying lamps in the reproduction and 
blueprint departments of the Westing- 
house East Pittsburgh Works has 
saved approximately $300 per month, 
according to J. J. Deller, supervisor of 
the department. 

In time-study analysis of the print- 
ing process, the biggest time losers 
were found to be in print drying and 
in repeat jobs due to rejects from dis- 
tortion. In the old process, the Van 
Dykes were kneaded in water and fix- 
ing baths, then hand-squeeged and 
and put through an electrically heated 
dryer for ten minutes, 

Both fidelity reproduction and _ re- 
duced drying time were obtained by 
using a bank of twelve, 250-watt, infra- 
red lamps to replace the steel roller 
and drying unit. Van Dyke prints up 
to 102 by 36 in. are hung beneath 
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lamps strung in three rows nine inches 
apart. Drying time for the average 
24 x 36-in. print is only 3 min. 


Photoelastic Analysis 
Points to Stronger Bolts 


THE USE OF A NUT with either tapered 
lip or tapered thread makes the effec- 
tive strength of a large bolt fasten- 
ing from 20 to 40 percent greater. 
three-dimensional studies of scale mod- 
els have revealed. The studies were 
made by Dr. M. Hetenyi of the West- 
inghouse Research Laboratory to ana- 
lyze stresses and strains in big steel 
bolts used on steam turbines. These 
bolts are sometimes 6 in. in diameter. 
5 ft. long, and may weigh about 500 lb. 

Dr. Hetenyi made transparent plas- 
tic bolt models 1 in. in diameter, ap- 
plied nuts of different types and loaded 
them in the same way they would be 
loaded in service. The stressed models 
were then annealed for 3 hr. at 120 
deg. C. and cooled to room tempera- 
ture. A 1% in. thick lengthwise slice is 
then cut from the center of each model. 

Stress lines or fringes frozen into 
these slices by the annealing process 
are made visual by the use of polarized 
light and show that the maximum 
stress, regardless of what kind of nut 
is used, usually is at the root of the 
thread nearest to the bottom of the nut. 
As shown in the illustration, for a con- 
ventional nut the ratio of maximum 
stress to the average stress in the body 
of the bolt, even for the most favorable 
shape of thread, is about 2.62. Tapered 





Automatic flame hardening oper- 
ation for localized heat-treatment of 
bearing surfaces of tank turret rings. 
The ring revolves past the stationary 
hardening unit in the foreground. Turn- 


table is tilted to dispose of quenching 
water which directly follows the oyy. 
acetylene flames (Linde Air Products 
equipment). Fractional horsepower mo. 
tor drives the unit. 





lips or tapered threads on the nut 
decrease this ratio to as little as 1.55. 
Although present practical application 
favors the use of tapered threads, Dr. 
Hetenyi’s studies show a slight advan- 
tage in favor of a nut with tapered lip, 
because it is effective at all loads. 
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Stresses are “frozen” into three dimensional models of bolts by annealing the plastir 
model under stress. This is how slices of the frozen-stress models look in polarized light. 


Maximum stress in each area is indicated 
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Glenn L. Martin Endows 
Aeronautical Laboratory 


AN ENDOWMENT FUND which has a pres 
ent value of over $450,000 has been 
established by Glenn L. Martin for a 
aeronautical research laboratory for the 
Institute of Aeronautical Sciences. The 
laboratory will be located in the Long 
Island home and surrounding estate of 
the late Daniel Guggenheim, a recent 
gift to the Institute by Mrs. Gugger- 
heim. 

In making the endowment, Mr. Mar 
tin stated. “As aeronautical engineer 
have provided the basis for the fort 
nate growth of The Glenn L. Martin 
Company, I wish to show my appreci 
ation by providing the Minta Marts 
Aeronautical Endowment Fund, to at 
vance the art and science of aeronal 
tics.” Mr. Martin mentioned that om 
of the problems now requiring intensit 
study was the effect on pilots of hig 
altitude flying. 





Do You Know That— 


MILLION-VOLT PORTABLE X-RAY wl 
now in operation in war industries - 
40. In June, 1941, only one ae 


was in use. 
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ENGINEERING IN WASHINGTON 


McGRAW-HILL WASHINGTON BUREAU, PAUL WOOTON, CHIEF 








New lightweight diesel engine for 
the Navy’s speedy submarine chasers is 
in production at the Electro-Motive Divi- 
sion of General Motors, La Grange, IIl. 
Most interesting feature is its variable 
pitch, reversible propeller, which elimi- 
nates the heavy reversing gear, and gives 
maximum efficiency at various engine 
speeds. Navy says the reverse is con- 
trolled from the bridge. Whether varia- 
tions of pitch with various loads and 
speeds is automatic or hand-set, is not 
made clear. The engine has four banks 
of four cylinders, located around a ver- 
tical shaft. It occupies about one third 
the space of a conventional diesel, has 
high horsepower, high speed. Engine, 
pitch control, and reduction gear, a 
bevel pinion between engine and pro- 
peller shaft, are designed as a complete 
unit, It is believed the lightest sea-going 
diesel in use. Weight and space saved 
may be used for more fuel and more 
range, more armament and ammunition, 
or for more engines for still more speed. 
Diesel eliminates the fire hazard. 


Three months ago the Army and 
Navy were yawning through hearings in 
Congress about gliders; they saw little 
use for them in American strategy. Now, 
they've got a glider design program go- 
ing, have placed orders for hundreds. 
Powerless craft in the works include 
several sizes from two-place trainers up 
to huge cargo-troop carriers nearly as 
big as heavy bombers, and able to han- 
dle several squads of soldiers. It has 
been known for years that a given power 
plant will haul three to four times as 
much freight distributed among the tow 
plane and three or four gliders, as the 
same plant will haul in one plane. But 
it took the extreme transportation prob- 
lem in China and in fact all over the 
United Nations to bring the tow proposi- 
tion to trial. Greatly contributing to 
the whole development is All-American 
Aviation’s successful “non-stop” pickup 
device, which enables the tow plane to 
grab the glider off the ground without 
landing. As you might guess, it’s a reel 
in the tow plane, paying out line, grad- 
ually stopped by braking action. Wright 


Field, Army flight lab, has found it 
satisfactory. 


Taking live bombs apart to see 
how the enemy designed them is one of 
the touchy jobs the Army and Navy 
have to do. When they find a new one, 
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like the 500-pounder that failed to ex- 
plode in the Hawaiian raid of Dec. 7, 
it’s especially nerve-racking. Lt. Draper 
L. Kauffman got the Navy Cross for un- 
raveling it. But live enemy shells, bombs, 
and torpedoes are disassembled regu- 
larly to get vital information. When we 
asked Ordnance how it’s done they said 
it is fairly simple to get the fuse out, but 
dangerous. In England there was too 
much talk about how bombs were taken 
apart, and the Germans fixed it quite a 
lot harder. 


Tangled tank talk in the press con- 
fused many a wistful taxpayer a few 
days back. The British lost a battle in 
Africa during which the Germans 
destroyed a number of U. S. M-3 tanks. 
Editors pronounced elegies over the M-3 
and demanded to know how come. The 
British and Ordnance Chief Maj. Gen. 
Levin H. Campbell promptly explained. 
The American tanks, manned by British. 
were ambushed and knocked out by Ger- 
man 88mm. guns, buried in sand and 
camouflage, not mounted on tanks at all. 
The 88mm. gun is years old. Campbell 
says we have a better one with heavier 
fire power, higher muzzle velocity, 
greater explosive charges. As for the 
M-3 tank, whose 75mm. gun has a de- 
flection of less than 90 deg., no com- 
ment was made on whether this feature 
had led us into trouble. But Ordnance 
did release pictures of the M-4, a hand- 
some, low-profile, turtleback job with a 
75mm. gun in an over-all turret that has 
360 deg. of deflection. But release of 
further pictures of this tank was imme- 
diately stopped at the request of the 
British. 


You must report to the Alien Prop- 
erty Custodian, Washington, on Form 
APC-2, by August 15; (1) any unex- 
pired U. S. patents if granted to a 
designated foreign national; any desig- 
nated foreign national interest ins any 
such patent; state whether the inventor 
of any of them is a foreign national; 
(2) report any application for U. S. 
patents now pending, or which have 
been pending since January 1, 1939: 
(1) if the inventor or any of them is a 
foreign national, or (2) if a foreign na- 
tional has or had at any time an interest 
in such application. The purpose of the 
order is to locate enemy interests in 
patents, to proteet the rights of Amer- 
ican citizens in foreign-owned patents. 


How to save rubber by using rubber 
has been demonstrated by Army Engi- 
neers. It took 72 trucks with semi-trail- 
ers to transport the 92 aluminum pon- 
toons that float a 1,080-ft. ponton bridge. 
And it took 95,000 lb. of rubber to 
make tires for the trucks. Engineers 
changed to rubberized fabric pontons 
which, folded, occupied only 36 trucks. 
The amount of rubber used in making 
the pontons and tires for the 36 trucks 
totaled 65,000 lb. Thus the saving of 
rubber was 30,000 lb., to say nothing 
of the aluminum. Rubber is being saved 
also on earth-moving equipment tires 
by cutting off some of the tread mileage. 


New capital ship for the Navy may 
be the carrier, or possibly some very fast 
combat vessel. Only fairly sure thing is 
that the battleship is out. Some Navy 
officials, and such authorities as Glenn 
Martin and de Seversky say the suprem- 
acy of the carrier will last only until 
such time as land-based bombers have 
sufficient range to attack the enemy any- 
where in the world. Carriers, which 
merely add range to present short-range 
planes, would then have no use. Five to 
ten years is the estimated duration of 
the carrier. 


“Rubber extender” js something 
that stretches but is not as good as 
rubber. You can “extend” the supply 
by using it in odd places. The Depart- 
ment of Agriculture’s Regional Re- 
search Lab at Peoria is making stuff 
that looks, smells and feels like natural 
rubber, and can be mixed with rubber. 
It comes from such as soy bean oil and 
corn oil. Some of it stretches 200 per- 
cent as compared with 600 percent in 
natural rubber, and has a tensile 
strength of 500 lb. as against 3,000 for 
real rubber. It’s just a laboratory proj- 
ect so far. 


Streamlining goes te war in the 
person of industrial designer George W. 
Walker, Detroit, who has been retained 
as consultant to Brig. Gen. G. M. 
Barnes, chief of research and develop- 
ment of the Ordnance Department. This 
is the first time we know of that one 
of the Geddes-Teague-Leowe school has 
got into the military field. The War De- 
partment says Walker will make studies 
and sketches in an effort to improve 
streamlining, ballistics and contours of 
Army’s vehicles and carriages. 
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Sma!l Aircraft Motor 


Small electric motor is wound for 
1/13 hp. at 8.500 r.p.m. and weighs 
only 1 Ib. 3 oz. It is available for 
either 12 volts or 24 volts. Designed 
especially for aerial antenae reels, it 


may have other applications where the 
following specifications are required: 
Dia. of housing.......2.306 in. 
Length of housing.....2 15/16 in. 
Shaft extension 
Shaft diameter........0. in. 
The motor is ball bearing equipped, and 
is reversible, having three leads. Signal 
Electric Mfg. Co., Menominee, Mich. 


Light-Weight Limit Switch 


Designed especially for aircraft ap- 
plication, the contact mechanism of this 
new light-weight limit switch is the 
General Electric Switchette. Snap ac- 
tion and double-break operation give 
the switch high current rating. Plunger 
operates with 7/32 in.  overtravel, 
which increases the number of applica- 
tions for which it can be used. Alumi- 
num housing is made dustproof by 


gasketed cover. Adequate space inside 
housing facilitates wiring. Switch is 
designed to meet all United States 
Army Air Force stipulations, and is 
available in three contact arrangements: 
single circuit normally open or nor- 
mally closed; and single-pole, double- 
throw. Each form can be furnished 
with a contact air gap of 0.010, 0.020, 
or 0.030 in. Weight is 0.13 lb. Gen- 
eral Electric Co., Schenectady, N. Y. 


Variable Transmission 


With Chain Drive Reducer 


Special designs of the Reeves variable 
speed transmission, inclosed design, are 
now equipped with built-in chain reduc- 
ers and with the output shaft in exact 
alignment with the input shaft. Output 
speeds may be either increased or de- 
creased as compared to the variable- 
speed shaft of the transmission. Fixed 
reduction of the chain drive reducer 
can be ordered up to a maximum of 
3 to 1 ratio. Chain drive operates in 


ocneamabintin Calman hha «| 
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a bath of oil. The unit illustrated 
was designed for vertical operation with 
oil drain and filler located accordingly, 
and is for 1-7/16 in. shaft size. With 
this particular size it is possible to 
secure a speed range from 41 to 410 
r.p.m. The transmission units are avail- 
able in sizes ranging from fractional 


to 5 hp. capacity. Reeves Pulley Co., 


Columbus, Ind. 


Moisture Tester for W ood 


Direct readings in moisture-content 
percentage terms for meeting various 
specifications covering precise condition 


of lumber can be made by the new 
Model MB-L Megohm-Bridge _ with 
standard pin type electrode. This sim- 
plified wood-moisture tester is a modi- 
fied Wheatstone Bridge using a cathode. 
ray electronic tube as the null or bal: 
ance indicator. The combination switch 
and control knob is rotated until the 
null indicator flashes, at which point 
moisture content is read directly on the 
dial. Electrode furnished with the in. 
strument will not permanently mar the 
surface of the material under test. Itis 
readily driven into and extracted from 
the lumber or wood by the hammer 
extractor furnished. Available in both 
standard and portable models. Indus 
trial Instruments, Inc., 156 Culver Ave. 


Jersey City, N. J. 


High-Impact Plastic 


New high-impact plastic of the pheno 
lic resin type, known as Durez 11934. 
has a macerated fabric filler for high 
impact strength, consequently cannot 
be readily preformed. Impact strengtl 
is 2.0, and its specific gravity is 14 
It is said to have good cure cycle for’ 
material of this type, and is available 
in black or brown color. Durez 1193 
has been developed to meet increasil? 
demands for heavier duty molding co™ 
pounds to replace other vital material: 
in war production, and will meet the 
special impact requirements for sucl 
applications for small pulley wheels. 
casters, rollers. Durez Plastics & Chem 
icals, Inc., N. Tonawanda. N. Y. 
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Noiseless Relief Valve 


| : For Aircraft Hydraulics 


A new noiseless relief valve for air- 


craft hydraulic systems, through a radi- 
3 cal design improvement, is extremely 


quiet in operation and emits no 
sereeches, screams or whistling sounds 
which indicate extreme turbulence or 
excessive fluid velocity. Its action is 
consistently positive at any adjusted 
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setting. Internal ports follow basic 
Adel practice for design simplicity, cor- 
rosion resistance and precision. It is 
manufactured in conformance with A.C. 
specifications 27993, and its perform- 
ance is claimed to exceed requirements 
indicated on the accompanying graph. 
Body is aluminum alloy for light weight. 
Manufactured in sizes A-4 at 1 g.p.m., 
A-6 at 34% g.p.m, A-8 at 5 g.p.m., and 
A-10 at 8 g.p.m., with pressure ranges 
from 600 to 2,200 Ib. per sq.in. as gov- 
erned by specifications. Adel Precision 
Products Corp., Burbank, Calif. 


Protective Coatings 


Transparent resin for protecting 
metal, wood, fabric, paper and compo- 
sition material under various types of 
exposure is available in formulas which 
can be adjusted for good dielectric 
strength ; for resistance to alkalies, 
morganic acids, alcohols, gasolines and 
oils; for flexibility; and for scratch 
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resistance. The coating will not crack 
when the article covered is bent through 
140 deg. Resi-Flex is fire-resistant to 
550 deg. F., and will withstand direct 
exposure to flame for short periods. 
The material is non-toxic and imperv- 
ious to chemical attack. Coated steel 
articles submerged in hot oil with other 
compounds at 271 deg. F. for 33 weeks 
have shown no ill effects. Present ap- 
plications are for protecting gears and 
other finished machine parts from corro- 
sion while awaiting assembly or ship- 
ment, for aircraft parts exposed to sea 
water, and on shell cases to avoid cor- 
rosion and chemical attack. Resi-Flex 
is made in air-drying and baking types 
which may be brushed or sprayed. The 
air-drying type has applications for 
protecting blueprints, photographs, 
tracings, and manuscripts from fire, 
stain and water damage. Industrial 
types are baked at 250 to 375 deg. F. 
for 6 to 30 min. Priority ratings of 
A-1-J or higher are required. Avail- 
able in 5 gal. cans or drums. David C. 
Brown Co., 17532 Wisconsin Ave., De- 
troit, Mich. 


Motors With Special 
Housings 


For manufacturers of machine tools 
and other equipment requiring special 
end bells for motors, a new line of 
Frayco motors are available with the fol- 
lowing horsepower ratings: 1, Y%, 34, 
1, 2, 3, 5, and 714. Motors have standard 
N.E.M.A. dimensions and shaft sizes. 
Standard plain and flange type mount- 
ings are also available. Frame mount- 
ings are of Meehanite, normalized for 
permanent alignment. Rotor windings 
are cast integrally with rotor lamina- 





tions. In the laminations, special elec- 
trical steel increases efficiency and 
overload protection. All laminations 
are welded together to increase rigidity 
and resistance to vibration. Oversize 
rotor shafts are further assurance of 
rigidity. Rotors are mounted in life- 
time lubricated ball bearings and are 
statically and dynamically balanced. 
All parts are machined to close toler- 
ances for interchangeability. Frayco 
motors are double fan cooled. Frayco 
Electric Motors Co., 1709 Standard 
Ave., Glendale, Calif. 


Midget Switch 


Incorporating all the features and ad- 
vantages of the standard Acrosnap 
switch, a new midget switch is applic- 
able to tanks, aircraft, gun turrets and 
photographic uses where lightness and 
small size are required. Acrosnap 
principle of the rolling spring, which 





snaps the blade from one position to 
another, calls for only a few parts 
and very low operating strain. In the 
open model illustrated, the actuating 
pin protrudes from the bottom of the 
switch. In the inclosed model, the 
actuating pin is mounted either in the 
cover or the bottom. Specifications: 
Size, 14/x21/32x7/16 in. Weight, 744 
grams. Weight with cover, slightly over 
8 grams. Gap, 0.040 in. Actuating 
movement 0.009 in. Actuating pres- 
sure, 21% oz. or less. Ratings, 250 volts, 
5 amp, a.c., and 115 volts, 10 amp. a.c. 
Acro Electric Co., 3176 Fulton Rd., 
Cleveland, Ohio. 


Clear Stripping Lacquer 


Transparent protective coating for 
metal and ceramic surfaces permits 
visual inspection of the coated parts, 
and protects them from rust, surface 
scratches, shop wearing, grease and 
dirt. The plastic base coating can be 
sprayed, brushed, dipped, or roller 
coated on highly polished surfaces such 
as flat sheets, molds, irregular shapes, 
dies and bearings. It air-dries to a 
flexible glass-clear coating ranging from 
0.001 to 0.0015 in. thick. One gallon, 
when sprayed to a thickness of one mil, 
will cover approximately 250 sq. ft. of 
surface. Drying time at 200 deg. F. is 6 
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to 8 min. The coating can easily be re- 
moved by lifting one edge with a finger- 
nail and peeling or blowing off with an 
air jet. The degree of adhesion to the 
part protected can be controlled to 
eliminate the possibility of accidental or 
premature removal. The coating is 
water and sunproof, and is not affected 
by most greases and oils. There is no 
deterioration or cracking at temperat- 
ures between zero and 260 deg. F. 
Known as Protektol, it is also available 
in color, making a good temporary ident- 
ification medium. Ault & Wiborg Corp.. 
Cincinnati, Ohio. 


Shakeproof Cowl Fastener 


New standard Shakeproof cowl fast- 
ener assembly consists of three parts: 
main spring, stud and cross pin, and 
only two special tools are required 
for application. To install, the main 
spring is riveted in place over a drilled 
or punched clearance hole in the inner 
surface sheet. The stud member is in- 
serted in a matching clearance hole in 
the outer sheet and the cross pin is 
then press-fitted in the stud with spe- 
cial pliers. Upon closure of the cowl- 
ing or removable part the stud member 
and main spring quickly come _ into 
alignment position. A clockwise quaiter 
turn locks the stud and pulls the parts 
together with a powerful dual spring 
tension. Stud is automatically stopped 
in position by scientifically designed de- 
tents in the cams of the main spring 
and perfect closure is visually identi- 
fiable. The fastener reinforces rather 
than weakens adjacent structural area. 
presents no stress hazards, provides 
limited deflection with high initial axial 








tension, compensates for variation in 
commercial aluminum sheet thicknesses. 
and will not bind when used on curved 
surfaces. Standard units are available 
to accommodate tutal sheet thicknesses 
ranging from 0.035 to 0.254 in. Avia- 
tion Div., Shakeproof Inc., 2501 N. 
Keeler Ave., Chicago, Il. 


Acorn Lock Nut 


Cap or acorn shapes in lock nuts 
made up to user’s specifications. A 
choice in material for the nut bodies 
and variations in the metallic composi- 
tions of a locking ring insert is offered. 
Standard sizes, measured by bolt diame- 
ters, are obtainable with thick or thin 
walls. The locking ring is made inte- 
gral with the nut body. An-cor-lox Divi- 
sion of Laminated Shim Co.. Inc., Glen- 
brook, Conn. 





Reinforced Sheet Plastic 


New material consisting of standard 
16-mesh wire screening sandwiched 
between two sheets of Duelite is as clear 
and transparent as a screened glass 
pane, will withstand the explosion of a 
150-lb. bomb 8 ft. away. Testing under 
vacuum shock conditions, it has stood 
up without appreciable damage under 
a 28 in. vacuum, while clear glass shat- 
tered at 15 in., and heavy wire rein- 
forced glass at 26 in. A 14-lb. ball 
dropped from a height of 20 in. smashed 
ordinary glass, while it required a 2-lb. 
ball from a height of 42 in. to penetrate 
a pane of the reinforced plastic. Avail- 
able in panels of eight standard sizes, 
ranging from 91% in. square, to 1914x 
241% in. Sheets can be drawn or formed 
to almost any shapes. Plastics Div.. 
Monsanto Chemical Co., Springfield, 
Mass. 
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tensile and bursting strength. are nop. ane - 
corroding and non-aging, and being alw —” 
non-conductors of electricity, preven; spring 
the formation of galvanic couples. Hal on 
union couplings, coupling nuts, and bolt th 
union couplings are available for ty. ened. 
ing sizes from 3/16 to 3 in. dia. Elbows Palnut 
and tees are available for 1 in. dig rit 
orm a 


tubing on experimental basis and othe 
sizes and production lots will be ayail. 
able later. Acadia Synthetic Products 
Div., Western Felt Works, 4115 Ogden 
Ave., Chicago, Il. 


Time Schedule Controller 


Maintains temperature, pressure, flow 
or liquid levels according to a prede. 
termined time schedule and automatic. 
ally repeats a process as many times 
as desirable. Optional feature, the “hn. 
terrupter timer” alows the use of a fast 
cam clock for a rapid rising period but 
reduces the speed of the clock to reduce 
length of holding. Rising period, hold- 
ing period, or both, may be increased 
as much as 614 times normal. Control: 
ler is available in all forms, including 
automatic reset and Pre-act. By the 
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Complete, chemically resistant pip- 
ing systems without any metal can now 
be set up by use of new fittings molded 
from Saran vinylidene chloride thermo- 
plastics. The fittings have a high 
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addition of pre-calibrated assemblies, it 
can be converted to fit process require- 
ments which may arise in the future. 
Case is universal for space or flush 
mounting. Taylor Instrument Co., 
Rochester, N. Y. 


Acorn Self-Locking Nut 


Now available in three popular bolt 
sizes, No. 6-32, No. 10-24 and {-in.-20, 
new acorn Palnuts are similar in de- 
sign to regular Palnuts, are stamped of 
spring steel, heat-treated and plated. 
Spring steel jaws close in and grip the 
holt thread when the Palnut is tight- 
ened. The six upright sides of the 
Palnut are extended up and crowned 
over, coming together at the top to 
form an acorn or cap nut design. Acorn 






































Palnuts are light in weight but are 
relatively strong and can be used on 
many assemblies to replace regular 
acom nuts, or nuts with lockwashers. 
They may also be used to lock regular 
huts tight on heavier types of assembly. 


The Palnut Co., 61 Cordier St., Irving- 
ton, N. J. 


Microvalve 


This new motor-operated valve with 
proportioning type operator is designed 
or use where close regulation is re- 
quired in the control of steam, water, 
oil or gas. Valve operator consists of 
4 Microtrol with the addition of an 
Secentric cam that operates the valve 
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plunger. Single seat V-ported, double 
seat V-ported, and double seat 3-way 
valve bodies are available. Barber- 


Colman Co., Rockford, Il. 


Wood Blueprint Files 


“Victory” filing units of wood fin- 
ished in olive green to interlock and 
stack with present steel equipment. 
Providing protection against dust, they 
operate smoothly through the roller 
drawer construction and have a safety 





stop whereby drawers cannot be acci- 
dentally pulled out but may be removed 
for cleaning. Hamilton Mfg. Co.. Two 
Rivers, Wis. 


Non-Magnetic Bearings 


Precision radial and pivot bearings of 
a non-magnetic material. Races and 
balls are of Berylco No. 25 hardened 
after machining by heat treatment to 
approximately 40 Rockwell. They are 
intended for use where magnetic bear- 
ings would jntroduce instrument varia- 
tions, or to avoid electrical conductivity. 
Such bearings are said to resist salt 
spray vapor and other mild corrosives. 
Miniature Precision Bearings, Keene, 
New Hampshire. 


Explosion-Proof Motors 


Developed particularly for use in the 
presence of magnesium and aluminum 
dust, a new line of polyphase induc- 
tion motors has been announced in sizes 
from 1 to 20 hp., N.E.M.A. frames 203 
to 326 inclusive. Design of the motors, 
labeled as suitable for Class II, Group 
E locations, is based on a series of tests 
at Underwriter’s Laboratories, in which 
a sample 15-hp., 1,800-r.p.m. motor was 
subjected to a fine cloud of magnesium 
dust while operating under heating and 
cooling cycles simulating several years’ 
operation in an industrial plant. Motors 
are totally inclosed, with nonventilating 
construction in the smaller ratings and 
fan-cooled construction above 2 hp. 
Simple cast-iron end _ shields, stator 
frames, and fan housings make possible 





dust-tightness without complicating as- 
sembly or disassembly. Other features 
include nonsparking bronze external 
fans, sealed-in leads, and a rotating 
labyrinth seal at the shaft opening. 
General Electric Co., Schenectady, N. Y. 


Constant Level Lubricator 


Constant level lubricators in four 
standard sizes, with capacities of 2, 4, 
8 and 16 oz. Units hold a visible re- 
serve, releasing automatically as much 
as is needed to maintain a constant, 
predetermined level of lubricant. Out- 
let tappings are provided at both sides 
and bottom of base. Air vent provided 
with filter if desired or installed with 
breather tube to bearing. Oil Rite 
Corp.. 346 S. 13th St., Milwaukee, Wis. 
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Books and Bulletins 





Getting Acquainted With 
Electricity 


ALFRED MorGAN—346 pages, 51/x814 
in. Blue clothboard covers. Illustrated 
and indexed. Published by D. Appleton- 
Century Co., 35 West 32nd St., New 
York, N. Y. Price $3. 


For students and laymen, a guide 
that explains the working and applica- 
tions of electricity and magnetism and 
their phenomena to modern industry. 
In non-technical language, the author 
demonstrates and describes fundamen- 
tals that can be understood by high 
school-trade school student and hobby- 
ists. The book will make excellent sup- 
plementary reading for elementary phys- 
ics and science courses. Illustrations 
include clear sketches and line draw- 
ings. 


Magnetic Tools and Appliances 


E. MoLttoy—116 pages, 54%x8% in. 
Blue leatherette covers. Published by 
Chemical Publishing Co., Inc., 229 King 
St., Brooklyn, N. Y. Price $2.50. 


Applications of magnetism to engi- 
neering and production are described. 
The book covers in comprehensive man- 
ner such subjects as magnetic chucks, 
clutches, brakes, solenoids, and separa- 
tors; lifting magnets and the detection 
of flaws by magnetism. Much equip- 
ment is illustrated by photographs and 
cross section drawings. Wiring dia- 
grams and operational sketches explain 
some constructions and _ operations. 
Semi-technical in form, this book is in- 
tended for production engineers and 
managers. 


Tin Solders 


S. J. NIGHTINGALE and O. F. Hup- 
son—Second edition, 117 pages, 6x 10 
in., clothboard covers. Published by 
the British Non-Ferrous Metals Re- 
search Association, Euston St., London, 


N.W.1. Price $2.75. 


Further work on tin solders and 
soldered joints in the British Non-Fer- 
rous Metals Research Association 
laboratories and elsewhere has been 
incorporated in the second edition of a 
book originally intended to benefit man- 
ufacturers and users of solders. More 
recent investigations have been con- 
cerned mainly with the creep properties 
of solder and soldered joints. Anti- 


482 


monial solders are also covered in this 
edition. The book as a whole gives 
fundamental data on the behavior of 
solder which should help in selecting 
substitute compositions. 

The new edition is in two parts, the 
first dealing with the constitution, 
structure, and mechanical properties 
of solders, and second with practical 
considerations, such as fluxes, the wiped 
joint, etc., and the choice of a solder. 
The 53 illustrations include photomicro- 
graphs, sketches, and graphical charts. 


American Standard Definitions 
Of Electrical Terms 


300 pages, 8x11 in. Dark blue fab- 
ricoid covers. Published by American 
Institute of Electrical Engineers, 33 W. 
39th St., New York, N. Y. Price $1. 


For the first time definitions of im- 
portant terms common to all branches 
of the electrical industry, as well as 
those terms specifically related to each 
of the various branches, have been 
assembled in one volume. The glossary 
is the result of more than twelve years’ 
work on an A.I.E.E. sectional commit- 
tee of 46 members having 18 subcom- 
mittees drawn from available special- 
ists. 

Nineteen major groupings of the 
book collect terms of such electrical 
engineering branches as general, rotat- 
ing machinery, switching equipment, 
transportation, electronics, and many 
others. Each group is subdivided fur- 
ther by subject. As an instance of the 
completeness of the subdivision of the 
material, the term “contact-wear allow- 
ance” is defined in the section on De- 
sign Details in the Control Equipment 
group. The complete volume is well 
cross-indexed. 


Mathematics Dictionary 


GLENN James and R. C. JAMEs—282 
pages, 6x9 in. Blue leatherette covers. 
Published by The Digest Press, Van 
Nuys, California. Price $3. 


The authors hope that this dictionary 
will be the beginning of an evolutionary 
standardization of mathematical terms 
that will be a great help to those who 
study and use mathematics. 

Basic words and topic phrases used 
in mathematics are arranged in alpha- 
betical sequence, immediately follow- 





ing each reference word or phrase its 
definition is stated. The listings are yer, 
complete and cover words and term; 
ordinarily used in arithmetic, algeby 
plane and solid geometry, trigonomety 
differential and integral calculus, a 
also finance. Formulas and equatioy, 
are defined or appear in the definition, 
Illustrative examples and figures hay, 
been used freely. 

The volume is a valuable refereno 
book for engineers engaged in fiel{ 
that require the use of mathematics, 


Engineer’s Pocketbook 


F. J. CammM—492 pages, 6% x 44 in, 
Blue buckram covers. Indexed. Py). 
lished by Chemical Publishing Co., 23 
King St., Brooklyn, N. Y. Price $43, 


A digested collection of tables, fo. 
mulas and data considered most esse. 
tial for design and production eng. 
neers. There are diagrams relating 
formulas and terms, descriptive dray. 
ings, and cross section sketches. The 
index has cross references, and related 
subjects have been grouped together, 


American Gage Design Standards 


Compiled from information publishei 
by the 
U. S. Department of Commerce. Pub 


lished by Lincoln Park Tool & Gage (, 
Lincoln Park, Mich. 


New 16-page bulletin contains inform 
tion of interest to inspection men ani 
engineers. Each page shows a type of gag! 
in outline with important dimensions pr 
sented in tabular form. Types of gage 
covered are ring, twin ring, combinatio 
ring and snap, cylindrical plug, tape 
plug, flat plug, and master disks. 


Engineering as a Career 


36 pages, 6x9 in. Paper covers. Pub 
lished by Engineers’ Council for Proje: 
sional Development, 29 West 39th St., Ne 
York, N. Y. Price 10 cents per copy; $3 
per 100 copies. 


“Engineering as a Career” is intendet 
to help the high-school graduate decit 
whether or not he is fitted to be an ent 
neer, by giving a general picture of chart 
teristics and requirements common 10 # 
branches of the profession. 

In the first section, “The Scope of Eag 
neering,” are included discussions of whi 
engineering is and what engineers do, . 
functions of engineering, the “engineenl: 
method,” as well as answers to the qué 
tion “who should study engineering’ . 
outline of the necessary preparation " 
such a career, and a survey of probab™ 
opportunities and earnings. The seem 
section presents more detailed acco” 
of the activities of engineers in the we 
ous branches of the profession. A list 
vocation-guidance books and pamphis 
also primarily concerned with engine 
and related vocations, is included. 
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me B PRODUC! ENGINEERING # REFERENCE BOOK SHEET | 
a . 
ey 
IS, and - 
Uations 4 
nitions I 
_ SPE 
ference ' 
1 fields ' 
atics, — i 
i 
R. A. WILKINS and E. S. BUNN 
rh: Revere Copper and Brass Incorporated 
4M in, THREE CLASSES of materials—(1) wire, Numbers in parenthesis at left in distinguished from the Army specifica- 
1. Pub od and bar shapes, (2) plate, sheet each column are not part of specifica- tions by the prefix FXS in second 
Co., 2) and strip, and (3) tube and pipe—are tion numbers. Same numbers _ beside column. é 
e 423. given under each of 28 commonly used two or more specifications indicate Naval Torpedo Station specifications 4 
les, fo. materials. Specifications for cast alloys close similarity or interchangeability. are distinguished from the Navy speci- rs 
st essen are not included. Frankford Arsenal specifications are fications by being an 800 series. . 
mM engi: / 
ating ti ae U.S. Army and U. S. Navy and ASTM ASME—SAE \ 
” = Federa Frankford Arsenal Naval Torpedo Sta. . AMS—British : 
es. The 
| related 
ether. Engraver’s Brass (Cu 63.5%, Pb 1.5%, Zn Balance) 
dord Wire, Rop anp Bar (SHapEs) 
i (l) WW-P-54la(D) | 3 — | | 
u d « 
standards, We 
re “ ; PLATE, SHEET AND Strip 
eT) 00-B-6lla(D) ()  47-B-2(int) (4) Bl2i-41T-(4) 
(2) WW-P-54la(C & D) (3)  34-T-le 
inform FF (5) 840 
men abd 
ye of gag TuBE AND PIPE 
— me (1) WW-P-54la(C & D) | | | | 
of gage 
il Free Cutting Brass (Cu 61.5%, Pb 3%, Zn Balance) 
” Wirr, Rop anp Bar (SHAPEs) 
P ' (2) WW-P-541la(D) (1) 47-—B-2(int) (3) B16—41 (3) 72 (SAE) 
“i * 3) QQ-B-6lla(B) | (3) 4610 (AMS) 
~ al (4) 250 (Brit.) 
opy; #13 Low Leaded Brass (Cu 63%, Pb 0.50%, Zn Balance) 
5 intendel IF 
ate deci Wine, Rop anv Bar (SHAPEs) 
ye an eo HR (1) = =WW-P-541a(C & D) (2) 17-B-2(int) | 
of chars: | | (3) 34-T-le | 
mon to # 
PLATE, SHEET AND STRIP 
pe of Ee BH (1) QQ-B-6lla(D) 
ns q whi (2) WW-P-54la(C & D) | | | 
ers a0, HF 
engineetilt 3 
> the qu Forging Rod (Cu 60%, Pb 2%, Zn Balance) 
ering! # 
aration 1 
of probabi Wire, Rop anp Bar (SHapEs) 





The se  (l) = QQ-B-611a(D) (1)  57-161-2 (1)  47-B-2(int) 
4 scout! 2) = WW-P-541a(C & D) | (1)  FXS-224 | (1) 840 es 


in the 





(1) B124-41T(2) | (1) 88 (SAE) 
(1 














pe: CON (3) 34-T-le (1) 250 (Brit.) 
1. A list at 
pamphies PLatTe, SHEET AND Strip 
engine™ HE (1) QQ-B-6lla(D : 
a(D) 

Hed. 2) WW-P-511a(C & D) | (3) 840 | | 
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SPECIFICATION NUMBERS FOR COPPER ALLOYS (continued) 

















SP] 
U.S. A d | U.S. N d | ASME -SA —_ 
J. S. Army an .S. Navy an ASME-—-SAR 
Federal Frankford Arsenal Naval Torpedo Sta. ASTM AMS— British 
Phosphor Bronze—Grade A (Sn 5%, Ph 0.05-0.35%, Cu Balance) — 
Wire, Rop anp Bar (SHAPEs) 
(1) OQQ-B-746(A) (1) 16-B-14C (1)  B139-41T(A) (1) 46254 (AMS) 
(2) QQ-W-401 (2) 22-W-5f (2) B159-41T (A) (1) 369 (Brit.) 
(2) 890 (2) 81 (SAE) 
(2) 4720 (AMS) enn 





PLATE, SHEET AND STRIP 


GQ) QQ-B-716(A) | (1) 46B-l4e | (2) BL03-40(A) | (2) 77A (SAE) fa 
(1) 893 (3) BLOO—40(A) (2) 4510 (AMS) 9 


—— 














Phosphor Bronze—Grade C (Sn 8%, Ph 0.03% min., Cu Balance) inline 
Wire, Rop anp Bar (SHAPEs) om 

| (1) B139-41T (C) | 
(2) 890 (2) B159-41T(C) ices 











PLATE, SHEET AND STRIP 
























































































(1) Bl03—40(C) (1) 77(B) GAR) () 
' (2) B100—40(A) 
Admiralty Metal (Cu 71%, Sn 1%, Zn Balance) 
Wire, Rop anp Bar (SHApPEs) 
| | | | 251 (Brit.) enema 
PLATE, SHEET AND STRIP 
47-B— (1) 
' TuBE AND PIPE 
(1) WW-1-756 dl) 44-1-7f (1) Blll-40T (1) S47 (ASME 
(2) B43-41 (2) S-24 (ASME 
(1) 
Naval Brass (Cu 60%, Sn 0.75%; Zn Balance) 
Wire, Rop anp Bar (SHAPES) a 
3) OO-B-636 (1) An-QOQ-B616] (1) An-QQ-B616 (3) B2I-401(A) (2) 73 (SAB) om 
(12) QQ-B-6lla (2) 57-162-1 (2) 818 (12) B124-41T (3) (2) 1612 (AMS) 
(12) QQ-B-61la (4) 16-B-6 (3) 1606 (AMS) 
(5) 46—B-26a (3) 252 (Brit.) 
(6) 46—R-1b (11) 250 (Brit.) 
(7) 47-B-2 (int) 
(8) 46—-B-15 
(9) 45-f-10a saorecnee, 
(10) 33-—C-4 
(11) 13—R-4 (int) 
(12) 813 — 
a (1) 
PLATE, SHEET AND STRIP 
| (2) 16-B-6i (1) 1606 (AMS eae 
(3) 16-B-2f (1) 








TUBE AND PIPE 
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SPECIFICATION NUMBERS FOR COPPER ALLOYS (continued) : 
r dl U.S. Army and U.S. Navy and ASTM > ASME—SAE ; 
Federa Frankford Arsenal Naval Torpedo Sta. ; AMS—British } 
ba 
— , ‘ 
Silicon Bronze (Type A) (Si 3%; Sn, Fe, Mn, Zn 1% Max.; Cu Balance) ¢ 
& 
a 
AMS) Tradenames—Herculoy 418-420, Everdur 1010, Olympic A, Duronze No. II, H 
= PMG-96, PMG-94, PMG-10 : 
.MS) — “ 
— 
Wire, Rop anv Bar (SnHapss) ‘ 
AE) 1 QQ-C-s9la(A) (1) FXS-31 (1) 46-—B-27 (int) (1) B98-41(A) (1) 8-37 (ASME) 
S ‘9 WW-P-541 (3) B124—41T-(7) 
.MS) (2) 
ne (A) B99-—41(A) a 
(5)  B105-39 g 
PLATE, SHEET AND STRIP r) 
(1) QQ-C-s9la(A) (3) FXS-31 (2) 46-B-27 (int) (4) B96-41T (A) (4) S-36 (ASME) a 
nadie (5)  B97—-41(A) 
(6) __ B100—40(B) tg 
TuBE AND Pipe é 
—— _ - Z 
SAE) (L) WW-P-541 | @ 57-192-1A |} (3) 44-T-23a | | (4 4665 (AMS) : 
Seiiiieniennnall y 
Silicon Bronze (Type B) (Si 1.50-2.00%; Sn, Fe, Mn, Zn 0.50% Max.; Cu Balance) , 
Tradenames—Herculoy 419-421, Everdur 1015, Olympic B, Duronze No. I-V, 
PMG 98, Cal Sun 
rit.) 
Wire, Rop anp Bar (SHaAPEs) 
—— 8 (i) 00-C-59la(A) Gy) FXS-31 (1) 46-B—27(int) (1) B98—-41(A) (1) S-37 (ASME) ; 
ssi (2) WW-P-541 (3) B99-41(B) 
(4) Bl24-41T(8) t 
(5) B105-39 - 
TSE) f 
ASME) PLATE, SHEET AND STRIP A 
(1)  QQ-C-541a(B) (3) FXS-31 (2) 46-B-27(int) [ (1) B97-41(B) } 
(4) _ FXS-239 é 
2 
Tuse AND Pire ; 
s (1) WW-P-541 | ) (2) 44-T-23a | | ’ 
\ E) 
AMS) 
AMS) 
xt) Aluminum Bronze (5% Al, Cu Balance) 
Wire, Rop anp Bar (SHAPES) 
—— & )_ QQ-B-666(A) | 1 (1) 46-B-17b } (1) B124-41T(10) | (1) 701 (SAE) 
xMS PLATE, SHEET AND STRIP 
(; N ns 
{) _QQ-B-666(A)_ | l | (2) Bl69-41T | (2) 701 (SAB) 
TUBE AND PIPE 
—— ee - 
Ls ps l | dy) Blll—40T | d) S47 (ASME) 
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SPECIFICATION NUMBERS FOR COPPER ALLOYS (continued) 





U. S. Army and U.S. Navy and 


7 2 ASME--S; 
Federal | Frankford Arsenal Naval Torpedo Sta. | ASTM AE 


AMS—British 








Aluminum Bronze (8% Al, Cu Balance) 








Wire, Rop anv Bar (SHApPEs) 
(1) QQ-B-666(B) (1) 46-B-17b (1) B124-41T (11) 701 (SAE) 
(2) B150-41T (1 4630A (AMS 
4632 (AMS) 
a 








PLATE, SHEET AND STRIP 
(1) QQ-B-666(B) | | (3) B169-41T 701 (SAE) 


es 








TuBE AND PIPE 
| i @ B111-40T S-47 (ASME) 


Aluminum Brass (2% Al, 76 Cu, Zn Balance) 











TuBE AND PIPE 
| | Be B111-40T | (1) S-47 (ASME) 


Manganese Bronze (Cu 58.5%, Sn 1%, Fe 0.8-2.0%, Mn 0.50% max., Zn Balance) 











Wire, Rop anp Bar (SHaPEs) 


B-7 l 46-B-15C (1 38- / 
eS i po ee TS Bee 








PLATE, SHEET AND STRIP 
(1) QQ-B-721a(A) } (1) 46-B-15C Nl 


Cupro Nickel (Cu 70%, Ni 30%) 











Wire, Rop anp Bar (SHAPEs) 


(1) 46-C-6(int) 
| (2) 17-E-8 | 








PLATE, SHEET AND STRIP 
| @ 46—C-6 } (1) B122-39T (5) 








TuBE AND PIPE 
| (1) 44-T-39 





(2) 44-T-40 (2) B111-40T (2) S—47 (ASME) 
(3) SGS-(46)9b 
(4) SGS—(48) 100a 





Nickel Silver (Cu 65%, Ni 18%, Zn Balance) 





Wire, Rop anv Bar (SHapEs) 


QQ-N-321(A) ) 46-S—3d(A) } © Bis1-41T(A) 
WW-P-541 








PLATE, SHEET AND STRIP 


— 


QOQ-N-321 | (1) 46-S-3d | (1) B122-39T (2) : 790 (Brit.) 
RR-T—46 








en 





Nickel Silver (Cu 55%, Ni 18%, Zn Balance) 





Wire, Rop anv Bar (SHAPEs) 
| Cd) 57-220 | ()  Blsl—41T(B) 








PLATE, SHEET AND STRIP 


| | (1) Bl22-39T(4) 
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